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Evidence gathered from literature has 


indicated that condensed multinuclear aro- 
matic hydrocarbons are generally produced 
during the combustion of solid and liquid 
carbonaceous material.!. This offers an ex- 
planation why aromatic hydrocarbons of 
this type can be found in the atmosphere 
over populated areas. It is noteworthy that 
this class of aromatic compounds includes 
several well-known carcinogens. 

In this paper it will be shown not only 
that liquid and solid fuels produce these 
hydrocarbons, or arenes, during combustion 
but also that even the simplest gaseous fuels 
produce them. The conditions under which 
they are formed and the implications of the 
results will be discussed. 
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Laboratory, 


Gaseous fuels were chosen in the initial 
phase of this study for several reasons. 
Very little previous work has been done 
correlating arene production with gaseous 
fuel combustion. Secondly, gaseous fuels 
of a carbonaceous nature are simple ali- 
phatic hydrocarbons of known composition 
and structure. Thus, the eventual fitting of 
reactants into a relatively unique reaction 
mechanism to explain the production of the 
aromatic-type products is simplified. 
Thirdly, the combustion products with re- 
spect to atom composition must also be 
simple. In this case the products, other than 
the oxides of carbon, will contain only car- 
bon, hydrogen, and possibly oxygen, the 
latter through fixation from air during the 
combustion process. Experimental evidence 
has indicated little or no nitrogen fixation, 
which is consistent with theoretical thermo- 
dynamic considerations. Finally, it is easy 
to meter and mix gaseous fuels with pri- 
mary and secondary air for burning. 

The hydrocarbon gases used were natural 
gas, butane, butene-1, acetylene, and buta- 
diene. These were chosen to span a wide 
range of an arbitrary scale relating smoking 
tendency to fuel composition. The list is 
arranged in order of increasing smoke- 
producing tendency. 

Thus, under normal burning conditions 
natural gas and butane burn with little or 
no smoke production, while under the same 
butadiene burns 


conditions with heavy 


smoking. All fuels can be burned, under 
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proper conditions, to produce either a 
smoky or a nonsmoky flame. As smoke 
emission as well as arene production is re- 
lated to the degree of combustion, it was 
felt that information obtained from these 
fuels could be applied to other gaseous 
carbonaceous fuels. 


Experimental Procedures 


A furnace was constructed to facilitate burn- 
ing under controlled conditions. Pure fuel, except 
in the case of natural gas, and uncontaminated air 
were supplied from tank sources through flow- 
meters. Natural gas was supplied from a house 
source. As shown in Figure 1, the burner is of 


A flanged break was provided in the stack just 
above the flame to permit the removal of the 
upper stack section for cleaning between experi- 
mental runs. A finned probe leading to the sampling 
device was mounted at the top of the stack. Also 
mounted about 18 in. below the top of the stack 
near the end of the probe were thermometer wells 
for obtaining wet- and dry-bulb temperatures of 
the stack discharge at the point of sampling. A 
temperature gradient was established in the sam- 
pling line by varying the length of the tubing sur- 
rounded by cooling fins. The dry-bulb temperature 
at the sampling end of the probe was kept slightly 
higher than the wet-bulb temperature at the stack 
end to prevent moisture condensation and yet keep 
it as cool as possible to minimize loss of trapped 
volatile products. 


COLLECTION DEVICES 


SOXHLET 


EXTRACTION 


THIMBLE 


HOOD VENTED TO 
ATMOSPHERE t FILTER 
PAPER 
THERMOMETER t 


8 IN. TRANSITE 
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tht BURNER (SEE INSERT) Fig. 1. — Schematic 
AIR drawing of combustion 
and sampling equipment. 
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the type that mixes air and fuel directly in or 
at the flame source. This burner was used in 
preference to a Bunsen type because of the ex- 
plosive nature of several of the fuels when burned 
in the latter. The burner was mounted centrally 
2 ft. above the base of an 8 in. diameter transite 
stack, 7 ft. in height. Secondary air was ad- 
mitted at the stack base through a simple diffuser. 
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The sampling devices, fabricated from aluminum, 
are shown in the insert of Figure 1. One was 
designed to hold a 43 by 125 mm. Soxhlet thimble 
and the other a flat filter paper. By filtration 
methods only the particulate component of the 
combustion effluent was trapped, but at the 
temperature maintained in the collector all the 
arenes under investigation have a very low vapor 
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pressure and were thus present in a nongaseous 
form. Possibly they are filtered out directly. More 
likely they are adsorbed on particulate carbon 
particles which are trapped on the filter. Of the 
two collecting devices, the one incorporating the 
Soxhlet thimble was most successful, since its 
mechanical strength avoided tearing in the presence 
of condensate. 

The filter sampler was replaced with a thermal 
precipitator when obtaining particulate samples for 
electron microscopy. Several typical electron mi- 
crographs of particulate matter obtained in this 


Fig. 2—Electron micrographs of smoky particulates from combustion of natural gas. 
Increasing agglomeration accompanies increasing smokiness. 


manner are shown in Figure 2. The primary smoke 
particles appear to be well under 0.1 in diameter. 
Agglomeration of these particles is intensified 
under conditions of incomplete combustion. There 
are no apparent crystals, the presence of which 
would indicate an agglomeration of the arenes 
A pump and a dry gas meter were placed at 
the end of the sampling system in series with the 
collecting device. If gaseous samples were de- 
sired, bubblers or displacement bottles were placed 


in series with the sampling device on the suction 
side of the pump. 

Data relating combustion of the various fuels to 
the effluent samples subsequently used to obtain 
chromatograms are shown in Table 1. Each gas 
was burned under conditions of complete and of 
incomplete combustion by adjusting the propor- 
tions of fuel and of primary and secondary air. 
Three criteria were used to establish one or the 
other of these conditions, namely, the type of 
effluent, the type of flame, and the relative amount 
of carbon monoxide in the effluent. For example, 


a visibly smoky effluent was one indication of in- 
complete combustion; a yellow tip flame was an- 
other; a relatively greater production of carbon 
monoxide in the effluent was the third. 

For each fuel incomplete combustion was ac- 
complished by eliminating all primary air. This 
is an extreme limitation imposed by the furnace 
design and is not a generality. Due to the small 
diameter of the stack, the combustion products 
had a tendency to quench the flame, unless they 


415 


4 
| | 


Stack Temp. 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


TABLE 1.—Experimental Combustion Data for Gaseous Fuels 


at Sampling Sampling O. Effluent, 
Gas Combustion Point, Time, Flow Rates, L./Min. L./ Min. Per Cent 
Cc Min. Fuel I Air Il Air Actual* Theo- CO CO: 
reticalt 
Incomplete 160 145 a) 0.0 17.6 3.7 5.3 18 7A 
Natural gas 
(Methane) Complete sO 240 0.4 0.5 8.0 1.8 0.7 0.0 2.2 
Incomplete 145 165 0.3 0.0 17.6 3.7 2.0 0.4 8.0 
Butane 
Complete 65 265 0.1 1.0 8.0 1.9 0.5 0.2 2.0 
Incomplete 110 120 0.3 0.0 17.6 3.7 1.8 0.8 7.2 
Butene-1 
Complete 60 225 0.1 0.9 8.0 19 0.5 0.2 1.2 
Incomplete 98 150 04 0.0 17.6 3.7 1.1 0.2 4 
Acetylene 
Complete 78 230 0.2 0.5 8.0 1S 0.5 0.0 2.6 
Incomplete 115 60 0.3 0.0 17.6 3.7 1.7 0.8 7.6 
Butadiene-1,3 Complete 60 255 0.1 0.8 8.0 1.9 0.4 0.0 1.4 


* Actual= Total airX21% 
Theoretical= Liters fuel XO: required /liter 


were moved rapidly up and away. This was ac- 
complished by supplying sufficient secondary air 
to maintain the oxygen level at the burner above 
the minimum required for flame propagation. This 
increase influenced the fuel requirements, and addi- 
tional fuel was supplied in each case. The higher 
stack temperature for incomplete combustion is 
explained by the additional fuel. 

The sampling time was shorter for incomplete 
combustion, because the particulate matter in the 
effluent rapidly clogged the filter thimble. The 
sampling for complete combustion was arbitrarily 
stopped for approximately four hours. There was 
little visible particulate matter trapped 
in this time period, and a many-fold extension 
of it did not significantly affect the end-result. 

The primary air supplied for complete com- 
bustion was adjusted in each case by observing 
the flame. An excess supply was reduced in small 
increments until the intense blue flame just failed 
to lift from the burner. In every case the pri- 
mary air supplied less than 50% of the theoretical 
oxygen requirement, the deficit being made up by 
secondary air. 

The sampling rate was adjusted to a value 
slightly below the calculated flow rate of effluent 
from the top of the stack. This was done as a 
precautionary measure to prevent sampling of an 
atmosphere foreign to the system. 

At the completion of each combustion run the 
filter was placed in a Soxhlet apparatus and ex- 
tracted with 300 ml. of pure diethyl ether for 
approximately 24 hours. The ether extract is 
reddish brown in color, and the intensity of this 
color is a rough indication of the arene concen- 
tration. Correlating the concentration required for 
chromatography with the color intensity can be 
arrived at only through experience; the desired 


416 


or no 


color, and likewise concentration, can be obtained 
by the addition or removal of ether. The proper 
concentration adjustments can also be made by 
preparing and preliminary 
chromatograms and varying the concentration until 
the desired chromatographic intensities are ob- 
tained. 

For identifying the arenes in the ether extract, 
several chromatographic techniques were tried, 
including work with columns and paper. The 
paper was used in strip form for obtaining as- 
cending and descending chromatograms, in circular 
form to develop the type shown in Figures 3 to 6 
and in Figure 8, in sheet form for two directional 
chromatograms, and in the conventional form used 
in paper-strip electrophoresis. The various tech- 
niques will be discussed fully in a subsequent 
paper, with only the circular chromatograms con- 
sidered here. 

The method used has been referred to as the 
“Rutter technique” for circular filter-paper 
chromatography.* A wick was cut in a filter- 
paper disc (Whatman No. 40 or No. 42, 15 cm. 
diameter) and immersed in the developing solvent 
after a 3yl-5yl aliquot of the ether extract had 
been placed on the paper at the point where the 
wick bends down from the disc. The portion of 
the paper used to obtain the chromatograms and 
the developer were enclosed in a covered Petri 
dish. The developing solvents were aqueous solu- 
tions of glacial acetic acid, three concentrations, 
40%, 60%, and 80% acid by volume, being used. 
Developing time was about four hours. 

After drying the paper, the chromatographed 
arenes act as their own indicator, visibly fluoresc- 
ing when irradiated with ultraviolet light. For 


observing several 


a References 3 and 4. 
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photographing the visible components, a careful 
selection of camera filter and film was made. 
An irradiating source, which includes both long 
and short wave lengths in the ultraviolet, was 
found to give the best results in producing maxi- 
mum fluorescence. A Mineralight R-51 equipped 
with a Corning filter No. 9863, % in. thick, was 
found satisfactory. Tupper,t of Eastman Kodak 
Company, recommends a source similar to the 
Stroblite 250 watt U. V. Reflector Lamp with a 
12 in. Kopp glass U. V. filter No. 41. The 
chromatograms may be irradiated directly, plac- 
ing the light source below the paper, or from 
above, using reflected light. Direct irradiation 
appears to be the most effective but requires a 
special box to position the light below the paper. 
In either case the light should be as close to the 
subject as possible. To eliminate ultraviolet ef- 
fects on the film, a Wratten 2A filter was used 
on the camera. For black and white prints East- 
man Royal Pan film was used; Ektachrome Type 
B film was found to be best for color transparen- 
cies. A time exposure of approximately 15 seconds 
was required for the black and white film, while 
the color transparencies required approximately 
5 minutes. Exposure time varies, depending on 
the color intensity of the chromatographed arenes. 


Results 


Only black and white prints are used 
here, but, as indicated, it is possible to 
obtain color transparencies and prints of the 
chromatograms. Each arene fluoresces in 
its own characteristic color which is an aid 
in identification. Table 2 includes a list of 
the fluorescent hues characteristic of each 
hydrocarbon, but it should be noted that 
they are in subtle pastel shades which are 
difficult to describe. The colors cover a 
broad range of the spectrum, including reds, 
yellows, blues, greens, and violets, but the 
blues tend to be overwhelming and much 
of the fine shading is lost in reproduction. 

In addition to the color of the various 
compounds, Table 2 also includes the struc- 
ture, identifying symbols, and approximate 
R; values in the several developing solu- 
tions. In the circular technique the Ry 
values are useful only in relative positioning 
of the various compounds because of diffi- 
culties encountered in obtaining the meas- 


+ Tupper, J. L., and Leermakers, J. A.: Per- 
sonal communication to the authors. 


418 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


urements needed to calculate them. The 
leading edges of the various arene fronts 
are not sharp, and because of the short 
distance they travel from the starting point, 
there is an apparent overlaying of fronts; 
the solvent and arene fronts do not form a 
uniform periphery around the _ starting 
point; and the starting point is difficult to 
pinpoint. These difficulties are minimized 
in other types of chromatography, because 
the distances the arenes travel are much 
more elongated, resulting in better separa- 
tions. 

Figures 3, 4, and 5 are photographs of 
chromatographed arenes; those of known 
composition are bracketed in each case by 
arenes obtained from sources as noted in 
the figures. The chromatograms of arenes 
of known composition were obtained by 
dissolving pure, available hydrocarbons in 
cyclohexane and combining aliquots of these 
to form a mixture. Aliquots of this mix- 
ture (3ul-5u1) were then applied to the filter 
paper in the same manner as the ether solu- 
tion of the unknowns. The solvent does 
not affect the chromatogram, as it evapo- 
rates leaving only the arenes on the paper. 

On the chromatograms the hydrocarbons 
most readily identified are marked with 
symbols and include anthracene (A), py- 
rene (P), (BA), 
3,4-benzpyrene (BP). and 1,2,5,6-diben- 
zanthracene (DBA). These are readily ob- 
served, because they produce sharp bands, 


1,2-benzanthracene 


have characteristic colors, and are widely 
separated on the chromatogram. All the 
other hydrocarbons shown in Table 2 have 
been chromatographed, with results shown 
in Figure 6. One series of pictures shows 
the basic five hydrocarbons; another shows 
all except the basic five; and the last shows 
a mixture of all the knowns combined. With- 
out the benefit of fluorescing color to help 
in identification, it is difficult to tag the 
various knowns in a combined mixture, and 
for this reason on the black and white 
prints only five of the knowns were chosen 
for comparative purposes. 


ah 
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BUTANE KNOWNS BUTENE| 


Fig. 3—Chromatographic separation of arenes produced during incomplete combustion of 
butane and of butene-1. 


ACETYLENE KNOWNS BUTADIENE™1,3 


Fig. 4—Chromatographic separation of arenes produced during incomplete combustion of 
acetylene and of butadiene-1,3. 
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NATURAL GAS KNOWNS AIR SAMPLE INCINERATOR 


Fig. 5—Chromatographic separation of arenes produced during incomplete combustion of 
natural gas, of combustible solid refuse, and from outdoor air on a “smoggy” day 


“ALL -KNOWNS EXCEPT ALL KNOWNS 
KNOWNS BASIC FIVE ALL KNOWNS EXCEPT (9) 


80% 


40% 


Fig. 6—Chromatographic separation of arenes of known composition. 
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The 40, and 80% 
the figures indicate the concentration of 
It 
was found that the higher molecular weight 


60%, notations on 


acetic acid in the developing solutions. 


arenes do not chromatograph in dilute acetic 
acid but remain at the starting point, thus 
allowing a satisfactory separation of the 
In- 
creasing the concentration of acetic acid 


low molecular weight hydrocarbons. 


causes the low molecular weight hydro- 
carbons to move out very rapidly and bunch 
up at the front, but at the same time the 
higher molecular weight arenes separate in 
a satisfactory manner. Thus, by varying the 
acetic acid concentration it is possible to 
obtain a relatively complete separation with 
the use of three chromatograms. A com- 
these three chromatograms to 
produce a single hypothetical chromatogram 
is shown in Figure 7, which will be discussed 
later. 


posite of 


SOLVENT FRONT 
—PHENANTHRENE 


STARTING POINT 
A 


60%, and 80% acetic acid developers: 
during combustion. 


Figure 3 shows the arenes produced dur- 
ing the incomplete combustion of two rela- 
tively nonsmoky fuels, butane and butene-1. 
Figure 4 shows the chromatographed arenes 


obtained from the incomplete combustion of 
acetylene and 


smoky fuels. 


butadiene-1,3, relatively 
Figure 5 shows the results 
obtained by the incomplete combustion of 
natural gas supplied to the northern Cali- 
fornia area. The average composition of 
this gas is over 85% methane, the remainder 
being a mixture of ethane, propane, butane, 
and nitrogen. Also included in Figure 5 
are the chromatographed arenes obtained 
from the local atmosphere on a “smoggy” 
day as well as arenes separated from the 
stack discharge of an experimental incin- 
erator, charged with material classified as 
combustible solid refuse. The chromato- 
graphic results of the latter, on a compara- 
tive basis, verify that the same polyaromatic 
products are produced during the combus- 
tion of fuels other than the simple gases. 
The 


and 6 


combined results of Figures 3, 4, 5, 
are shown in the two hypothetical 


SOLVENT FRONT 
PHENANTHRENE 


A) 


?) 
+—(P)(F) (I) 
(II) (I) 


-—(BP)( Pe) 


(IW)(Y)( 
(x) 


(MZ) (WIE) (IX) 


(X) 
STARTING POINT 
B 


Fig. 7.—Hypothetical chromatograms compositing the results of chromatograms with 40%, 
A, arenes of known composition; B, arenes produced 


chromatograms of Figure 7A and B, which, 
respectively, incorporate the 40%, 60%, 


t Sample submitted by Prof. A. F. Bush, Uni- 
versity of California, Los Angeles. 
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A, 


and 80% chromatograms of hydrocarbons 
of known composition and the 40%, 60%, 
and 80% chromatograms of arenes pro- 
duced during the combustion process. 

As mentioned, the exact order, fluorescent 
color, and key to the identifying symbols 
for the arenes of known composition are 
given in Table 2. Several other points of 
interest concerning the chromatographic 
pattern of the knowns have been incorpor- 
ated in Figure 7A. (a) The hydrocarbons 
generally chromatograph in order of in- 
creasing molecular weight. An exception to 
this is naphthacene, which generally appears 
ahead of pyrene, although occasionally it 
does chromatograph in order. It is not too 
difficult to identify because of its character- 
istic color. (b) Phenanthrene and naphtha- 
lene are the only two condensed multinu- 
clear hydrocarbons that are too volatile to 
be observed. Because of a transient violet 
color that occasionally appears at the chro- 
matogram front of the unknowns, the pres- 
ence of phenanthrene among the arenes 
produced during combustion is suspected. 
(c) Alkyl derivatives chromatograph to a 
position behind the parent compound, prob- 
ably due to the increase in molecular weight. 
9-Methyl-1,2-benzanthracene is an example 
(d) Com- 
pounds that fluoresce with a red color are 
difficult to record photographically and mask 
all colors in the vicinity of their band. 
9-Fluorenone is an example of such a com- 
It is 
easy to observe visually, but its presence 
cannot be noted in Figure 6. In addition it 
masks the band due to anthracene. The odd 
picture in Figure 6 shows a mixture of 
knowns exclusive of 9-fluorenone—the an- 
thracene band is very apparent. In the same 
mixture including 9-fluorenone the anthra- 
cene band intensity is decreased. (e) Iso- 
meric pairs, three of which are included 
among the knowns, do not separate satis- 
factorily on circular chromatograms. This 
doubling up of bands does not occur in other 
types of chromatography which produce 
chromatograms of extended length. (f) 


included among the knowns. 


pound included among the knowns. 
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The overwhelming bluish-white cast previ- 
ously mentioned in conjunction with colors 
can be explained also on the basis of coin- 
cidence of bands. When this occurs, the 
individual fluorescent colors mix in an addi- 
tive fashion, producing a net color of a 
longer wave length, the ultimate being white. 
For example, the fluorescent colors green, 
red, and violet blue, superimposed on one 
another, produce white. 

A problem arises in obtaining known 
hydrocarbons of absolute purity. Some of 
the so-called pure hydrocarbons when 
chromatographed singly produce, in addition 
to the principal band corresponding to the 
hydrocarbon, several other weakly fluo- 
rescing bands of unknown origin. This com- 
plicates the over-all identification, because 
these weak bands affect the colors of other 
bands which they happen to fall by. All 
standard methods of purification have failed 
to remove the trace impurities to any 
appreciable extent. 

The following observations were made 
and included in Figure 7B, which shows 
the order in which hydrocarbons produced 
during the combustion process are separated 
chromatographically. There are 15 to 16 
distinguishable bands depending on_ the 
source, each indicating the presence of a 
unique compound, each compound thought 
multi- 

The 


identity of six of these has been verified, 


to be a member of the condensed 
nuclear aromatic hydrocarbon group. 


and two more have been identified tenta- 
tively. Of these eight compounds, two have 
known carcinogenic properties. Subsequent 
work has indicated the presence of another 
series of fluorescent compounds which have 
acidic properties. To these materials a dif- 
ferent chromatographic technique is applied, 
which will not be discussed in this paper. 
Under conditions of incomplete combustion 
all the gaseous fuels produce 15 distinguish- 
able bands, while several produce the total 
of 16 bands mentioned. Particulate samples 
from contaminated 


outdoor air or from 


sources burning other than gaseous fuels 
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also indicate the presence of at least 15 


arenes. 
The first band in Figure 7B corresponds 
to anthracene (A) in fluorescent color 


(blue) and Ry, values. When possible the 
identification was verified by running a 
smooth U. V. absorption curve on the un- 
known and comparing it with the curve ob- 
tained from the corresponding hydrocarbon 
of known composition. The technique is 
rather unique and will be discussed fully 
in a subsequent paper. A preliminary dis- 
cussion and a set of sample curves were 
included in a previous report.’ The next 
band that appears is rather weak but is 
thought to be naphthacene (N) because of 
its behavior during chromatography and the 
marked similarity in its color to the color 
of known naphthacene. 

There is an indication that the next broad 
band is a composite of three compounds. 
The leading edge is yellow and results from 
a compound of unknown 
(1). This is followed closely by 
a blue band indicative of pyrene (P), suc- 


composition 
marked 


ceeded next by a whitish-blue band corres- 
ponding to fluoranthene (F). 

A very broad, poorly defined area follows. 
It contains two weakly fluorescent white 
bands in the much weaker white background 
The 


pounds comprising these two bands are of 


comprising the over-all area. com- 
unknown composition and have been labeled 
(IT) and (III). Derivatives of pyrene or 
fluoranthene are possibilities. 

Senzpyrene (BP) and perylene (Pe) fol- 
low in order, in much the same manner, 
color, and position as they appear in the 
chromatogram of the known hydrocarbons. 
The next three bands labeled (IV), (V), 
and (VI) generally have a yellow or brown 
cast, but a very pale brick red band appears 
on some chromatograms. One of these bands 
is thought to be 1,2,5,6-dibenzanthracene, 
but this has not been verified. 

The next band, resulting from a hydro- 
carbon of unknown composition and marked 
(x), is very sharply defined, is always pres- 
ent, and has a definite green color, for which 


reasons it is used as a reference band on 


the chromatograms. The bands marked 
(VII), (VIII), and (1X) correspond to 
hydrocarbons of unknown composition and 
in color are, respectively, green, blue, and 
gray. One more area marked (X), which 
occasionally appears, is not a band but rather 
a streaking of yellow fluorescent material 
from the starting point. 

All arenes produced from any combustion 
source show a very similar chromatographic 
pattern, with the following exceptions 
noted: The arenes produced from the com- 
bustion of natural gas do not always 
include the bands corresponding to (I) and 
(N), and, in addition, it is difficult to get 
a good correlation for the (VII), (VIII), 
and (IX) bands of natural gas with the 
same produced other gases. 
and butane show only weak 
(VIL), (VIIL), and (IX) bands, with the 


(IX) band sometimes being completely ab- 


bands by 


Acetylene 


sent. Air samples show only two bands in a 
region where other samples show three 
bands corresponding to the (IV), (V), and 
(VI) bands. 

The five gaseous fuels were burned also 
under conditions of complete combustion. 
The stack effluent, subjected to the same 
chromatographic techniques, showed results 
typified in Figure 8. The only apparent hy- 
drocarbon occasionally produced under these 
conditions is pyrene (P) in very minute 
quantities. Similar findings were noted with 
respect to the presence of arenes in atmos- 
pheric samples obtained on clear sunshiny 
days with high visibility, as indicated in 
Figure 8. The contrast between a “smoggy” 
day and a clear day is startling not only 
as to visibility but also as to presence of 
polynuclear hydrocarbons (Figs. 5 and 8). 
The atmospheric sampling technique was 
identical in both cases, samples being ob- 
tained by filtering 25,000 cu. ft. of air. 
Thus, during periods of unfavorable meteor- 
ologic conditions, it is indicated that in- 
complete combustion from a variety of 
sources is responsible for arene pollutants 
in the atmosphere. These observations rein- 
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AIR SAMPLE 


CLEAR DAY 


Fig. 8—Chromatograms of stack effluent during completed combustion and of atmospheric 


sample on clear day. 


force earlier findings of Tebbens and Tor- 
rey® who noted unidentified fluorescent 
“smoggy” days. 

A relationship between polynuclear hy- 


filterable material on 


drocarbons and carcinogenic activity has 
been fairly well established by numerous 
biologic studies. These have shown some 
correlation between chemical structure and 
biological activity, which may be summar- 
ized to one significant structural feature: 
The 1,2-benzanthracene ring system is the 
basic “building block” relating polynuclear 
hydrocarbon structure to activity, but the 
parent unsubstituted compound is itself in- 
active. Substitution of a single group of 
carbon substituents at the 10, 9, or 5 position 
produces a defined activity in decreasing 
order of potency with respect to position. 
Multiple substitutions in these positions pro- 
duce activity falling within the same limits. 
Thus, among the knowns, 9-methyl-1,2-ben- 
zanthracene, 3,4-benzpyrene, and 1,2,5, 
6-dibenzanthracene have carcinogenic prop- 
erties. The latter two compounds are in- 
cluded among the arenes produced during 
the combustion process. Among the un- 
identified compounds which could also possi- 
bly fall in this category are those which 
give rise to the bands labeled (TV), (V), 
(VI), (4), (VIT), (VIIT), (1X), and 
(X). A proof of structure for these latter 
compounds will be necessary prior to even 
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tentatively labeling them as biologically 
active, 
Summary 


The incomplete combustion of any car- 
bonaceous material results in the formation 
of condensed multinuclear aromatic hydro- 
carbons. This has been positively verified 
in the laboratory for gaseous fuels and ten- 
tatively verified for solid and liquid fuels. 
There are a minimum of 16 compounds 
falling in this class of hydrocarbons whose 
presence can be detected by the chromatog- 
raphic techniques discussed, Eight of these 
compounds have been identified tentatively, 
of which two have known carcinogenic activ- 
ity. Atmospheric samples taken on 
“smoggy”’ days also contain the same hydro- 
carbons. 

In contrast, complete combustion of 
gaseous fuels does not result in the signifi- 
cant production of any of these hydrocar- 
bons, nor can their presence be detected in 
significant quantities in atmospheric samples 
taken on “nonsmoggy,” clear, sunshiny days. 

The extent to which arenes contribute to 
the total pollutional load has yet to be 
defined. Since incomplete fuel combustion is 
a typical phenomenon in many human activ- 
ities, including home and industry heat and 
power sources, transportation, refuse in- 
cineration, etc., the disposal of polynuclear 
hydrocarbons to the atmosphere is very 
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widespread. It will be abated only when 
some other criterion than convenience and 


economy is used in regulating smoke-pollu- 


tion sources. 


Drs. J. A. Leermakers and J. L. Tupper, East- 
man Kodak Company Research Laboratories, 
Rochester, N. Y., Mr. M. Vogel, Vogeluminescence 
Corporation, San Francisco, and Mr. E. Sanborn, 
University of California, Berkeley, rendered sig- 
nificant assistance. 
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Biological Methods for Their Quantitative Evaluation in Rats 


E. GRANDJEAN, Dr. Med. 
H. TURRIAN, Dr. Med., Zurich, Switzerland 
and 


J. L. NICOD, Dr. Med., Lausanne, Switzerland 


Introduction 
The accumulation of dust 
cause fibrosis in almost all organs which 
contain connective tissue. Morphologically, 


quartz can 


experimental fibrosis may be regarded as 
identical with human pulmonary fibrosis. 
On the basis of this similarity a large num- 
ber of workers during the last 30 years have 
sought to elucidate the etiology, pathology, 
and even the therapy of silicosis by means 
of experiments on animals. 

The earliest and commonest method con- 
sists of the intraperitoneal injection of dust 
In the case of quartz this 
results after as little as one month in mainly 
throughout 


the abdominal cavity of the animal. Miller 
1 


suspensions. 


nodular fibrosis disseminated 


and Sayers,’ Policard,? and more recently 
also Riittner * and Lundgren and Swensson * 
have preferred this method. 

In attempts to simulate human silicosis 
as closely as possible, Kettle and Hilton,* 
Gardner,® King and co-workers,’ Jotten and 
Klosterkétter,* and Gartner,® deposited the 
dust under test in the lungs of their animals 
either by direct intratracheal injection or 
by exposing the animals for several months 
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to high concentrations of dust in a gas 
chamber. 

Other methods, such as the introduction 
of dust into the anterior eye chamber, into 
the subcutaneous tissues, or intravenously, 
have been found suitable for studying par- 
ticular aspects of the problem but have not 
come into general use. 

None of these methods, however, even 
in conjunetion with histological examination 
of tissue changes, could up to now yield 
more than qualitative information on the 
fibrogenic activity of dusts. 

Since a quantitative assessment of the 
fibrosis would clearly be of interest at this 
stage, we decided to search for a biological 
method which would permit direct measure- 
ment of the fibrogenic effect of dusts con- 
taining quartz. 

To this end we have attempted to produce 
a tissue reaction which is dependent on the 
dose administered, in analogy with phar- 
macological methods. Adaptations of the 
three following techniques have been tested 
for their suitability: 
administration of dust 
suspensions, whereby the ratio of the number 
of positively reacting animals (i. e., those de- 
veloping fibrosis) to the total number treated 
was taken as a measure of the fibrogenic activ- 


(a) Intraperitoneal 


ity. 

(b) Intratracheal administration of dust sus- 
pensions, in which the weight of the lung tissue 
which has undergone fibroid degeneration was 
taken as a measure of the fibrosis produced. 

(c) Intramesenterial injection of dust 
pensions, a method by which isolated fibrotic 


sus- 


nodules can be produced, their weight serving 
as a measure of the fibrosis. This method has 
been developed by us and described elsewhere 
in detail.” 


Stacy and King"™ have recently deter- 


mined biochemically the amount of collagen 
in silicotic rat lungs. This method too ap- 
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pears to provide a means of evaluating ex- 
perimental pulmonary fibrosis. 


Methods 
Preparation of Dust Suspensions 


The dust suspensions used were prepared by 
mixing pure crystalline quartz, titanium oxide, 
kaolin, or mixtures of these substances with dis- 
tilled greatest 
possible uniformity of particle size, the aqueous 
dust first put 
process, 


water. In order to ensure the 


suspensions were through a 


standard and the com- 


position of samples determined by centrifuging 


sedimentation 
and microscopic examination. The suspensions 
were subsequently evaporated to the desired 
concentration with continuous stirring. 

Dust suspensions prepared in this way con- 
tained practically no particles larger than 3y. 
The proportion in the range 3p to lp varied 
between 25% and 50%, and in the range from 
lw down to the limit of visibility (about 0.2.) 
between 75% and 50%. In all tests performed 
with one particular dust, the suspensions used 
were taken from a single stock suspension, so 
that the animals were treated in each test with 
dust having the same particle size distribution. 
Sedimentation and the formation of aggregates 
were avoided by continuous stirring of the sus- 
pensions before and during every process. Be- 
fore use the dust samples were sterilized in an 
autoclave. 


Chemical Analysis of Tissues 
Containing Quartz 


In one series of tests we determined by 
King’s method * the amount of quartz remain- 
ing in the The organic material was 
first decomposed by fusion with soda ash, and 


the quartz 


organs. 


then determined colorimetrically by 
conversion into the yellow silicomolybdate com- 
plex. For 


method of 


color development we used the 
Kenyon and Bewick.” 

In another series in which the anticipated 
amount of quartz was relatively large, the tis- 
sue was first carefully ashed, and the acid- 
soluble constituents removed by repeated evap- 
oration with hydrochloric acid. The total silicic 
acid was then determined gravimetrically by 
the classical method of evaporating the quartz 


with hydrofluoric acid. 


Histological Procedures 


All the experimental tissue changes were ex- 
amined Organs and 
samples were fixed in 4% formalin and em- 
bedded in paraffin. Staining of sections was 
done by the following methods: P. Masson’s 
trichromsafran and trichromaniline blue meth- 


histologically. tissue 


ods; Weigert’s elastic tissue method; Gomori’s 


silver impregnation method, and Sudan III. 


Biological Methods 


All tests were made on white rats ar- 
ranged in groups with the same average 
body weight and sex distribution. The in- 
itial weights of the animals varied between 
100 and 150 gm. and the weights at autopsy 
between 200 and 400 gm. 

Intraperitoneal Method—Each dust sample was 
injected intraperitoneally into 10 rats in doses 
of 0.5, 2, 6, and 15 mg., in each case in suspen- 
sion in 1 ce, 


\t autopsy 


of distilled water. 
found difficult to 
the macroscopic lesions, owing to the difficulty 


it was assess 
of distinguishing between normal and _ fibrotic 
limiting 
For this reason it was found necessary 


tissue, especially in the case of the 
doses. 
to examine histologically not only the macro- 
scopically recognizable nodules but also all 
other tissues where a lesion was suspected, in- 
cluding the omentum. As a consequence of our 
initial experience with this method we came to 
regard as a positive reaction only such fibrotic 


nodules as were clearly 


recognizable macro- 

scopically,. 
Intratracheal Method —King'’s method* of in- 
jection of the aqueous dust suspension directly 


into the trachea of anesthetized rats was used. 
Lumbar (No. 10), with the 
end filed round, were used, and the introduction 


puncture needles 
into the trachea was controlled by means of 
an otoscope. Immediately after the injection 


the animal was held in the vertical position 


in order to reduce to a minimum the loss of the 
injected dust by blowing. In 
using this method it was necessary to allow for 


coughing and 


the relatively large needle volume when filling 
the syringe. The volume injected amounted in 
each case to 1 cc. per animal. 

In order to estimate what proportion of 
the injected quartz was deposited in the 
lungs and what proportion was expelled by 
the animal (by coughing, blowing, and ex- 
pectoration), we determined chemically the 
amounts of residual quartz after 5 minutes 
and after 24 hours, in each case in five 


rats. After intratracheal injection of 50 
mg. of quartz the following mean values 
were found: 
Mean amount of quartz 
after 5 minutes 19.5 mg. 
Mean amount of quartz 
after 24 hours 18.2 mg. 


These results show that immediately after 
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the injection the animal succeeded in elimi- 
nating more than half of the injected dust. 

In a prior control test 30 rats each re- 
ceived 1 cc. of distilled water containing no 
dust; autopsies performed on these animals 
after periods of two, three, and five months 
showed no changes compared with untreated 
animals. In the subsequent tests we there- 
fore dispensed with administration of dis- 
tilled water to control animals. 

For autopsy the rats were killed with 
ether, and the fresh weight of the carefully 
dissected lungs récorded. 

In order to eliminate differences in lung 
weight due to body weight variations, we 
calculated for each animal the lung weight 
per 100 gm. body weight. The body weights 
of our rats varied between 200 and 400 gm., 
and a test was therefore made to determine 
whether this proportion was constant in a 
group of 68 normal animals. The results 
are given in Table 1 and show that the lung 
weight per 100 gm. body weight decreases 
with increasing age. 


Taste 1—Mcean Values of the Proportion Lung Weight per 100 Gm. 
Three Weight Ranges 


| 
Weight range, gm. | 


Autopsies, no. 


Lung weight, mg./100 gm. body weight (mean) 


There was considerable variation, how- 
ever, in the value of this proportion from 
animal to animal, and application of the 
t-test 
confirmation of the means given in the 
Table. 
came to the conclusion that the lung weight 
per 100 gm. body weight could justifiably 


( Linder provided no_ statistical 


From this statistical analysis we 


be regarded as a reliable criterion in judg- 
ing our results, particularly as in each series 
of tests the weight distribution of the rats 
was the same in each group. 

In order to exclude the possibly variable 
factor represented by the water content of 
the lungs, we determined the dry weight of 
this organ in four additional series of tests. 
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150—200 201—300 
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In these the lungs were fixed in 4 for- 
malin for 24 hours and then dried for 48 
hours at 45 C. This treatment resulted in 
a mean decrease in weight of one-fifth of 
the fresh weight. Calculation of the corre 
lation between fresh and dry weight gave a 
very high value for the correlation coeffi- 
cient (r>0.9), with a measure of certainty 
of 0.84. We concluded that the use of the 
dry weight would not result in any marked 
reduction in the variance and accordingly 
confined ourselves to the fresh weight in 
the subsequent tests. 

As reported under results of tests using 
the intratracheal method in this paper, in- 
troduction of quartz dust into rats causes an 
increase of the lung weight at autopsy. In 
order to this 
was dependent on dosage or time, it was 
The 
standard deviation (s) of the lung weights 
in a population of 24 rats which had each 
received a dose of 50 mg. of quartz dust 
£533 (+38), with 
a mean value for this population of 1380 mg. 


determine whether increase 


first necessary to calculate variance. 


was calculated as s 


Body Weight for Rats in 


301—400 | 


Intramesenterial Method—Using normal sterile 
surgical technique, we opened the abdominal 
cavity of the rat after anesthetization with 
ether and exposed one or more coils of the 
small intestine. Using a tuberculin syringe and 
No. 20 needle, we then injected the dust sus- 
pension between the two layers of the mesen- 
tery, roughly half way between the intestine 
and_ the the The 
syringe was fitted with a stop in order to con- 
We 
Only in 
the case of the 5 mg. dose per animal did we 
increase this to 0.02 cc. 


attachment of mesentery. 
trol the dose as accurately as possible. 
aimed at a maximum dose of 0.01 ce. 


With due care in making the injection, the 
dust suspension the form of 
a clearly defined blister held fast between the 
two layers of the mesentery. After completion 


is deposited in 
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of the injection the intestinal coils are replaced 
in the abdominal cavity, and the wall closed 
and sutured in the usual way. 

With some practice the mortality can be re- 
duced to about 10% of the animals, mainly as 
a result of hemorrhage during the first 24 hours 
atter the operation. 


This technique resulted in the formation 
in the mesentery, after one or two months, 
of sharply delineated, isolated nodules which 
could be weighed and histologically exam- 
ined after autopsy. Here too determination 
of the dry weight of the nodules in eight 
test series showed that it offered no advan- 
tage over the fresh weight, so that we were 
able to confine ourselves to the latter meas- 
urement in subsequent tests. 

Since the value of this method clearly 
depends on the accuracy of the volume in- 
jected, we determined in 10 tests the amount 
of quartz which remained in the blister 24 


hours after the injection. As against the 


injected quantity of 2.5 mg. quartz, the 
mean weight found by analysis was 2.03 
mg. The standard deviation of the 10 


analytical values was 0.75 mg. 


37%). 


The variance of the fresh weights of the 
nodules from 55 rats was also determined. 
We obtained a value for the standard devia- 
tion of the logarithms of the nodule weights 
of s=0.206, corresponding to a 
of +16%. 
test results the same procedure gave a vari- 
ance of +20%. 


At the conclusion of the tests, the results 


variance 
With another population of 


of which are reported in the next section, 


we examined the possibility of giving one 
and the same rat a number of dust injec- 
tions at different points of the mesentery. 
lor this purpose we gave each of a group 
of 10 rats three injections of dust. Statis- 
tical analysis of the nodule weights showed 


that their variance in the same animal 


was 
of the same order of magnitude as the 
variance from animal to animal. The ad- 


vantage of three injections per animal lies 
in the greater reliability of the means, based 
as it is on three times as many individual 
values. 


Experimental Results 


Intraperitoneal Method.—Effective Dose 
(E. D.) of Various Dust Suspensions: In 
six series of tests increasing doses of quartz 
(SiOz), of titanium oxide (TiO), of kaolin, 
and of mixtures of equal parts of TiOz and 
SiOe and of kaolin and SiOs were admin- 
istered. In the first series autopsy was 
performed after four weeks, and in the 
remaining series after nine weeks. 

On the basis of the findings at autopsy 
we classified: our material into animals with 
macroscopically visible fibrotic lesions in 
the abdominal cavity and those without such 
findings. The results are summarized in 
Table 2 and show that pure TiOs caused 
no positive fibrotic reaction in any of the 
animals. With all other kinds of dust a 
more or less distinct increase in the fre- 
quency of positive reactions with increase 
of dose was observed. 


In an attempt to develop a quantitative 


TABLE 2—Frequency of Animals Showing Silicotic Lesions After 


Intraperitoneal Administration of Dust 


| 

SiO. SiO: TiO> 

Dose, (4 wk.) 9 wk.) (9 wk. 
Mg. n r n r | n 
0.5 "s 0 9 0 | 9 
2.0 | 9 0 | 10 ee duet 
6.0 ; 10 9 10 10 oN) 
15.0 9 9 | 10 8 8 
Totals 36 18 39 18 34 


TiOrSiO: Kaolin Kaolin-SiO,; | 
9 wk.) | (9 wk.) | (9 wk.) 
r r on r n r 
| 
0 } il 0 9 0 | 9 0 
0 1 | 10 o | 
0 10 7 9 5 9 2 
0 10 6 8 
0 42 17 35 13 37 10 


administration and autopsy. 


n=number of animals; r—=number of animals showing fibrotic lesions in the abdominal 
cavity. The figures in brackets give the time elapsed between dust 
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technique from the intraperitoneal method, 
we endeavored to work out the values of the 
I. D.s59 (=dose which causes a fibrotic re- 
action in 50% of animals) from these re- 
sults. To this end we calculated from the 
data of five of these series of tests the 
regression lines, the probability. P, and the 
E. D.s59 using the classical method of 
probits (Finney **). The results are shown 
in Table 3. 
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In the center of the nodules there are rela- 
tively few cells; at the periphery, relatively 
many situated in a close network of argen- 
taffin fibers. In addition, there are frequent 
deposits of quartz dust showing great dif- 
ferences in size in different preparations of 
the same tissue. 


Histological examination did not permit 
us to differentiate with certainty between 
the fibrotic lesions caused by the different 


TABLE 3.—Probits and E.D.s. Values for the Intraperitoneal Tests 


| 
Probability (P) | 
Corresponding | 
| 

| 


| 

Dust | Regression Lines | to the Calculated Log E. D.se Limits 95% of E. D.os, 

| | | Value of x? Meg. 
SiO» (4 wk.) | Y=—-7490+7.722 | 0.98—0.99 1.62 2.85—5.52 

6 does not deviate 
SiO (9 wk.) Y=0.01+3.02 0.01—0.001 significantly 


TiO;-SiO: (9 wk.) 


Y=4.78+0.27 


Kaolin (9 wk.) 


Y=4.91+1.37 


Kaolin-SiO (9 wk.) Y= —4.514+4.92 r 


This statistical analysis shows that in 
three of the tests it was possible to calculate 
a reliable E. D.s59; on the other hand, the 
limits of error of the E. D.s9 must be re- 
garded as very high, so that there is no 
significant difference, for example, between 
pure SiOe (four weeks) and kaolin (nine 
weeks) or between the latter and kaolin— 
SiOz. Apart from this the variances in the 
SiO» weeks) and 
SiO» (nine weeks) were such that calcu- 
lation of the E. D.s9 would have 
inadmissible. 

Histological Examination of the Tissue 
Lesions in the Intraperitoneal Method: In 
all animals which had received intraperi- 
toneal kaolin, kaolin—SiOs, or TiQe— 
SiOz, the macroscopically recognizable 
nodules showed the characteristic fibrotic 
lesions which have been described by Miller 
and Sayers,’ Policard,? Riittner,*? and many 


tests on (nine 


been 


others. They consist mainly of collagenous 
fibers, frequently in the form of whorls. 
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0.30—0.50 


>0.99 


Y=probit; +—log dose+1.0; b=regression coefficient. 


from zero 


6 does not deviate 
significantly 
from zero 


1.77 


1.93 


doses we used. 


In agreement with Rutt- 
ner '® and Van Marwyck we found that 
kaolin gave rise to fibrotic nodules which 
were indistinguishable from those due to 
quartz. The same applied to the mixtures 
TiOe—SiOzg and kaolin—SiOs. 

Macroscopically no nodules could be de- 
tected in animals which had received only 
TiO; only varying numbers of small dust 
deposits enclosed in thin layers of connec- 
tive tissue were visible. Histological exam- 
ination of these showed, in addition to dust, 
numerous macrophages filled with dust par- 
ticles and a network of argentaffin fibers 
with precollagenous tissue formation. We 
were unable to decide whether these initial 
tissue changes would in time have developed 
into fibrotic nodules. 

Intratracheal Method.—First Series of 
Tests, with SiOz Doses of 0 to 50 Mg. per 
Animal: In this series of tests rats in four 
groups, each of 15 animals, were given 
doses of 1 cc. of distilled water containing, 


| 
| 
| 
| 0.20—0.30 | 
| 
= 
| 
| 
ae 
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respectively, 1.5, 5, 15, and 50 mg. of SiO» 
per animal, while a control group received 
the same volume of distilled water alone. 
The results are shown graphically in Figure 
1. 


Mean Values of the Weights of Lungs 
mm Mean Values of the Si02 Content of 5 Rats 


1500} 


1000} 


$i02 Content of the Lungs (mg) 


uw 
i=) 
i=) 
| 


Weights of Lungs (mg/100g bodyweight) 


Doses: 0 15 
Numberof Rats: 14 14 10 


Fig. 1—Quartz content and weight of the 
lungs after intratracheal adiministration of dust. 
Autopsies carried out 160 days after injection 
of dust. 


Statistical analysis of the results showed 
that the lung weights of the groups which 
received 1.5 and 5 mg. of SiOs did not 
deviate significantly from those of the con- 
trols. On the other hand, the groups which 
received 15 and 50 mg. of SiO» showed a 
significant increase in lung weight. Calcula- 
tion of the regression showed that there was 
SiQe 
doses and the lung weights. Determination 


no linear relationship between the 


of the quartz content of the lungs in five 
rats of each group showed that the animals 
which had received 15 and 50 mg. doses 
had considerably more quartz in the lungs 
than those which had received smaller doses. 
The controls, which had received no quartz, 
showed an average of 1.8 mg. quartz per 
animal. The which 


animals received 


ACTION OF QUARTZ DUSTS 


the smaller doses showed, on the average, 
similar SiO, values as this control group. 

Determination of the dry weights gave 
an analogous result to that shown in Figure 
1 for the fresh weights, so that we may 
conclude that the increase in the lung 
weights is wholly due to the fibrotic changes 
in the lung tissue. This conclusion is con- 
firmed by the results of the histological 
examination given in the section on histo- 
logical examination of animals given intra- 
tracheal injections. 

Second Series of Tests, with SiO. Doses 
of 0 to 100 Mg. per Animal: In this series 
three groups, each of 15 rats, were given 
intratracheal injections of 15, 50, and 100 
As in the first 
series, autopsy was performed 160 days 
The following mean 
values for the fresh weight of the lungs 


mg. of SiOs per animal. 
after the injection. 


were obtained: 
Control group (no SiOz) 
536 mg/100 gm. body weight 
Group receiving 15 mg. SiO. 
840 mg/100 gm. body weight 


Group receiving 50 mg. SiO: 
909 mg/100 gm. body weight 
Group receiving 100 mg. SiOz 


2071 mg/100 gm. body weight 

Analysis of the variance showed that the 
differences between these mean values for 
the four groups were significantly greater 
than the variations inside the groups. On 
the other hand, here again there was no 
linear relationship between the doses admin- 
istered and the measured lung weights. 

Third Series of Tests, with Intervals of 
Various Lengths Between Dust Injection 
and Autopsy: Over a period of two days 
three groups, each of 15 rats, received in- 
tratracheal injections of 50 mg. quartz per 
animal. Autopsies on the three groups were 
carried out after intervals of two, five, and 


eight months, respectively. The fresh 
weights of the lungs are shown graphically 


in Figure 2. 


We see that the mean values of the lung 
weights increased with increasing duration 
of the 
assumption that the increase in the lung 


test. This confirms our previous 


weights was dependent on the extent of the 
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= 
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= 
= Regression: y= 900+100x 
w 
= B=0,22 P=0,01-0,05 
> 
2 5 8 Months 
Fig. 2—Lung weights, respectively, two, five, 
and eight months after intratracheal admin- 
istration of dust. Dose: 50 mg. SiOz per ani- 
mal, 
fibrosis. Calculation of the correlation 


showed that there was a linear relationship 
between the lung weights and the durations 
of the tests, although the wide variance of 
the individual values indicate that this rela- 
tionship is not very reliable. The results of 
the regression calculation and the measure 
of certainty are reproduced in Figure 2. 
Fourth Series of Tests, with Various 
Dusts and Mixtures: Groups of 15 rats 
each were given intratracheal injections at 


Quartz Dose 
Group Dust per Rat, Mg. 
| 1 | SiOs 50 
| 2 | TiO: 
3 | Kaolin 
4 | TiO:+Si0: 25 
| 
5 | Kaolin+Si0. 25 
} 
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a dosage of 50 mg. per rat of SiOQe, TiOs, 
kaolin, and mixtures of equal parts of SiOe 
and kaolin and of SiO» and TiOQs. Autop- 
sies were carried out 160 days after injec- 
The mean 
values found for the lung weights are re- 
produced in Table 4. Table 4 shows that the 
animals given TiQs had, on the average, 
the lowest lung weights although the dif- 
ference compared with the mean value for 


tion of the dust suspensions. 


the SiOQe-treated animals is only of low 
significance. If the TiOe lung weights are 
compared with those of the control group 
in the second series, it will be seen that 
TiOz has caused a slight increase in lung 
weight compared with the normal. The 
animals treated with kaolin alone have prac- 
tically the same lung weights as the SiQvs- 
treated animals. 

Although the same amounts of dust were 
administered in all the tests, the mixtures 
Ti0s—-SiO» kaolin—SiOoc given 
significantly higher lung weights than pure 
SiOs dust. 


have 


SiOz Content of the Lungs: The quartz 
content of the lungs of 40 rats in groups of 
5 on which autopsy was performed after 
various lengths of time was determined 
chemically. The results are shown graphic- 
ally in Figure 3. They show that in as little 
as five minutes after intratracheal dust in- 
jection more than half of the quantity ad- 
the 
In the following days the quartz 


ministered had been eliminated from 
lungs. 
content continued to fall until on the ninth 
day no more than a quarter of the original 
quantity remained; subsequently the quartz 
content of the lungs appeared to remain 
In five from each 


almost constant. rats 


4.—Lung Weights After Intratracheal Administration 


Significance with 
Respect to Group 1 


| Mean Lung Weight, 
| Mg./100 Gm. Body Weight 


909 
740 P=0.01-0.05 
949 P>0.05 
1,411 P<0.01 
1,553 P<0.01 


» 

| 

i 

= 

| | 
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3 $102 Content of the Lungs alone 


35 Min after Injection 


$i02 Content of the Lungs (mq) 
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QUARTZ DUSTS 


8 Si0, Content of the Lungs with hilar lymph nodes 


Fig. 3—Variation of the SiOz con- 
tent of 


tracheal dose : 50 mg. SiOz per animal 


the lungs with time. Intra- 


Days after Injection : 


of the two groups on which autopsy was 
performed after 68 and 163 days, respec- 
tively, the hilar lymph nodes were analyzed 
in addition to the lungs. As was to be ex- 
pected, it was found that a considerable part 
ot the intratracheally administered dust was 
deposited in these nodes. 

Histological Examination of Animals 
Given Intratracheal Injections: The lungs 
of a number of rats from each test group 
which had received intratracheal injection 
of the above dust suspensions were exam- 
ined histologically, as were also the lungs 
of animals from the control groups. 

Among the controls one case of broncho- 
pneumonia and two cases of infiltration of 
macrophages into the alveoli were found. 
These macrophage reactions might well be 
regarded as the first manifestations of sili 
cosis in the alveoli after experimental dust 
treatment of the lungs. Since our controls 
had received no dust at all, however, these 
findings cannot be regarded as manifesta- 
tions of silicosis. 

All the animals which had received quartz 
dust intratracheally exhibited typical sili- 
cotic tissue lesions at autopsy. In four rats 
the findings were somewhat anomalous: In 
two animals we found bronchial abscesses 
with bronchiectasis in addition to interstitial 
fibrosis. One other showed severe infiltra- 
tions of macrophages into the alveoli with 


large deposits of hemosiderin, not accom- 
panied by the usual fibrosis. One further 
changes 


animal showed no 


whatever in the sections examined. 


pathological 


The series in which the effects of various 
doses of quartz dust were investigated gave 
the following results: 

With doses of 15 mg. of quartz dust per 
animal very small, uniformly distributed 
nodules were found in the lungs, mostly 
located and consisting of 
dust-carrying macrephages. The 
contained a few argentaffin fibers and slight 


perivascularly 
nodules 


traces of collagen. In one case these tissue 
changes were more marked in the neighbor- 
hood of the bronchi than in the parenchyma 
itself. 

With doses of 50 mg. of quartz dust per 
animal the nodules numerous 
and showed a marked tendency to fibrosis 


were more 
and to agglomeration. Infiltrations of mac- 
rophages were very pronounced, as were 
also reticulin reactions in the neighboring 
lymph nodes. 

With doses of 100 mg. of quartz dust per 
animal we found massive fibroses accom- 
panied by a great many nodules, some of 
which still consisted mainly of macrophages 
had_ the young 
The massive fibroses, moreover, 


and thus appearance of 
nodules. 
often show accumulations of macrophages 


at the center, while at the periphery they 
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are permeated by argentaffin fibers. ligures 
4 and 5 show photographs of these histo- 
logical findings. 


Fig. 5.—Silicotic nod- 
ules in the lung of a 
rat 159 days after intra- 
tracheal a-!ministration 
of 100 mz. SiOs The 
nodules havc a_ ten- 
dency to confluence and 
show a marked fibrosis. 
310. 


These observations show that increasing 
the dose of quartz dust has the effect of 
increasing both the amount and the inten- 
sity of the fibrotic tissue lesions in the 
lungs. 

Histological examination in the third test 
series, in which autopsy was performed 
after various lengths of time, has shown 
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that the fibrotic reaction in the lungs in 
creases with the duration of the test. Here 
too, parallel with the increase in lung 


Fig. 4—Numerous 
silicotic nodules in the 
lung of a rat 161 days 
after intratracheal ad- 
ministration of 50 meg. 
SiOz The nodules are 
rich in cells and have 
few collagen fibers. 


110. 


weight, we have more pronounced morpho- 
logical changes. 

In the fourth series in which various 
dusts and dust combinations were tested, the 
histological findings were as follows: TiOQs 
caused no nodule formation in lung tissue, 
and only extensive, dark-colored dust de- 
posits were observed. Although in one case 
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there were traces of macrophage infiltration 
in the alveoli and in another incipient dif- 
fuse fibrosis, these changes cannot neces- 
sarily be ascribed directly to the action of 
TiO». 

Kaolin, on the other hand, caused distinct 
silicotic lung changes in all cases, except 
for one animal in which there was severe 
purulent bronchitis. The tissue lesions due 
to kaolin were accompanied by massive 
macrophage infiltrations which had a rather 
greater tendency to fibrosis than those due 
to pure quartz. Although qualitatively this 
kaolin fibrosis is more pronounced, actual 
tissue lesions were less frequent and less 
to 
observed 


extensive and showed less inclination 


coalesce. In some sections we 
multinuclear giant cells with homogenous 
protoplasm showing no foreign-body inclu- 
sions. 

The dust mixture Si0.—TiOs in all cases 
caused fibrotic lesions, often 


tissue very 


pronounced but also occasionally of a minor 
nature. Histologically massive fibrosis al- 
ternated with micronodular lesions, while 
all showed deposits of black TiO» dust. In 
general, fibrosis was severer than with pure 
quartz. Figure 6 shows fibrotic lesions 
after treatment with a mixture of SiQs 
and TiQs. 


QUARTZ DUSTS 


The SiO.—kaolin dust mixtures generally 
produced a similarly varied picture showing 
either micronodular lesions, massive fibro- 
sis, or fibroses which had coalesced to a 
greater or less extent. Compared with those 
due to pure quartz, the tissue lesions were 
in some cases more marked, in other cases 
The of 


mixtures, therefore, does not differ notice- 


less marked. action 
ably from that of quartz alone. 

To summarize, we see that TiO» causes 
that kaolin 
to those 
caused by pure quartz, that the dust mix- 


no visible fibrotic reaction, 


causes tissue lesions analogous 
tures containing quartz also cause changes 
similar to pure quartz, and that occasion- 
ally the morphological changes due to these 
mixtures are even more pronounced. 
Method.—First 


Tests, with Three Different 


Intramesenterial Series 
of 


SiOz: In this first series of intramesenterial 


Doses of 


tests doses of 0.5, 2.5, and 5.0 mg. of quartz 


Fig. 6.—Silicotic nod- 
the 
rat 161 days after intra- 


ules in lunge of a 


tracheal administration 
of a dust mixture con- 
taining 25 mg. SiOz and 
25 mg. TiOs The nod- 
ules marked 
tendency to fibrosis and 


show a 


have many deposits of 


black TiOs dust. 110. 


dust were administered to the rats. Autop- 
sies on 90 animals (30 for each dose) were 
carried out after 85 days, and on a further 
45 (15 for each dose) after 55 days. The 
mean weights of the isolated fibrotic nodules 


are shown graphically in Figure 7. It will 
be seen thatthe logarithms of the nodule 
weights increase linearly with the loga- 
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rithms of the doses administered. Statis- 
tical treatment of the results showed that 
the two regression lines, which run prac- 
tically parallel, have reasonably good cor- 
relation and are statistically reliable. Using 
the t-test, we found further that the differ- 
ence between the means in the 85-day test 
and in the 55-day test was significant (P< 
0.001). 


2,0 
Duration of the essay : 85 Days 
Regression: y=1,13+0,9 x 
B=0,70 P<0,001 
15 = 
= 
2 Duration : 55 Days 
Regression :y =0,73 +0,82x 
@ 
= B=055 P<Q001 
Mean Values of the Logarithms 
= of the Weights of Nodules 


0,5mg 25mg 5mg 
$i02-Doses (Log.Scale) 


Fig. 7.—Variation in weight of intramesen- 


terial nodules with the dose of SiOz admin- 
istered. 
Second Series of Tests, with Various 


Periods of Time Between Intramesenterial 
Administration and Autopsy: Fifty-seven 
rats were divided into six groups consisting 
of six, seven, or eleven animals. Autopsies 
on the first two groups were carried out 
after 3 and 10 days, respectively, on the 
remaining four groups after 30, 67, 74, and 
180 days, respectively, after administration. 
Each rat received 2.5 mg. of quartz dust. 
The results are reproduced in log/log form 
in Figure 8 and show that obvious develop- 
ment of fibrotic nodules only starts after 
the 30th day. In the period between the 
30th and the 180th day the logarithms of 
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Regression : y = -0,68 +0,97 x 
B=058 P<0001 


e = Mean Values 
2,0 
15 
E 
@ 
Ss 
£ 
— 
2 
S 
= 
2 05 
= 
5 
3 10 30 67 74 180 Days 


Time Interval between Injection and Autopsy 


Fig. 8—Development of intramesenterial nod- 
ules after administration of 2.5 mg. SiOz. 


the mean nodule weights increase linearly 
with a logarithmic time scale. Here too the 
regression line is statistically reliable, and 
the correlation between the two magnitudes 
is reasonably good. 

Effect of Various Kinds of Dust and 
Dust Mixtures on Intramesenterial Fibrotic 
Nodules: 
into five groups, each of which received a 
particular kind of dust. The dose was 2.5 
mg. per rat, and autopsy was carried out 
after 85 days. The results are reproduced 
graphically in Figure 9 and show that the 
TiOs nodules have the lowest mean weight, 


A number of rats were divided 


those due to pure quartz and its mixtures 
the highest, while the kaolin nodules are 
intermediate in weight. The mean weight 
of the pure quartz nodules is somewhat 
lower than that of the nodules due to the 
mixtures with TiOs or kaolin, although the 
quartz content in the case of the latter two 
groups is only half as high. 


‘ 
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" 
a 


Logarithms of the Weights of the Nodules (mg) 


TiO, Kaolin Si02 50% Sid, 50% Si02 
50%Ti02 50%Kaolin 


Fig. 9—Effect of various kinds of dust on 
the weights of intramesenterial nodules. Each 
column represents the mean value in a group 
of 11 rats. The arrows indicate the group dit- 
ferences, which have a significance correspond- 
ing to P=0.01 or 0.05. Each rat got a dose of 
2.5 mg. of dust. Autopsies 85 days after dust 
administration, 


Kffect of Varying Proportions of Quartz 
Nodules: 


Thirty-six rats in three groups each re- 


on Intramesenterial librotic 
ceived 2.5 mg. of SiQe—TiOe dust mixture 
by intramesenterial injection, the propor- 
tions of quartz being respectively 5%, 15%, 
and 45 in the three groups. A further 
group of 12 rats received similar doses of 
pure quartz. Autopsy was carried out 85 
days after injection. The results are shown 
graphically in Figure 10, in which the 
abscissa carries the logarithms of the 
weights of quartz injected and also, in the 
interests of clarity, the percentage propor- 
tions of quartz. We see that the logarithms 
of the nodule weights increase with increas- 
ing quartz content of the SiQ.—TiOs dust 
mixtures. Calculation of the correlation 
gave a rather low measure of certainty of 


0.25, which is nevertheless statistically re- 


liable. 


QUARTZ DUSTS 
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D> 
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= 
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. 
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= 
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= B=0,25 P<0,01 
S 05 
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5i02 Content of the Dust (Log. Scale of the Quartzdoses) 


Fig. 10.—Effect of SiOe-TiOs mixtures on 
the weights of intramesenterial nodules. Each 
rat got a dose of 2.5 mg. of the dust mixture. 
Autopsies 85 days after dust administration. 


Chemical Analysis of the Fibrotic Nod- 
ules: Five nodules, in each case from rats 
on which autopsy was carried out 1, 3, 10, 
30, and 85 days after injection, were ana- 
lyzed for SiOz content. The results are 


TABLE 5.—S1O2 Content of Fibrotic Nodules 
After Injection of 25 Mg. of S102 


Days after 


Mean SiO; Content, 
Dust Injection Mg. 


1 2.17 
3 | 1.58 
10 | 1.74 
30 } 1.51 
85 0.92 
summarized ') Table 5. We see that the 


quartz conteiit of the nodules decreases with 
increasing age and that the rate of quartz 
loss is higher at the start of the test than 
subsequently. 

In addition, we determined the quartz 
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content of the nodules caused by various 
doses of different dusts, in each case in five 
rats 85 days after injection. The results 


TABLE 6.—Mcean Quarts Content of 
Intramesenterial Nodules Due to 
Administration of Various 

Doses of Quartz 


Quartz Content of 
Dust Dose, Nodules, 
| Mg. Per Cent 
| Mg. of Dose 
SiO; 0.5 0.10 20.6 | 
| SiO: 2.5 0.92 36.6 
| 30% Si0r50% TiO, | 2.5 0.46 37.0 
Kaolin-SiO + | 2.5 0.87 44.0 
SiO» | 5.0 2.85 56.9 


are summarized in Table 6. The data show 
that the quartz content of the nodules, both 
absolute and relative, increases with in- 
crease of the injected quartz dose. There 
is clearly a correlation between the extent 
of fibrosis and the loss of quartz. It is also 
of interest to note that the percentage quartz 
loss is independent of the composition of 
the dust mixture. The relatively high abso- 
lute value in the case of the quartz—kaolin 
nodules is due to the silicate content of the 
kaolin. 

Histological Examination of Intramesen- 
terial Nodules: Histological examination of 


the nodules due to quartz alone reveals the 
morphological changes characteristic of 
quartz fibrosis, the main feature being a 
dense network of collagenous fibers. While 
the interior of the nodules consists of dense 
collagenous tissue with relatively few nuclei, 
the number of nuclei increases toward the 
periphery, where there is a dense network 
of argentaffin precollagenous fibers. Figures 
11 and 12 illustrate typical nodules of this 
sort. Morphologically these nodules are 
similar for all three doses used, and it is 
impossible to distinguish between them his- 
tologically. 

There is likewise no characteristic and 
measurable among nodules of 
ages varying between 55 and 180 days. 
They merely give the impression that with 
increasing age the fibrosis becomes more 
On the other 
hand, the 30-day nodules show markedly 
fewer collagenous fibers, which can be seen 


difference 


extensive and more massive. 


traversing the dust deposit in all directions. 

When examined microscopically, the nod- 
ules due to TiO, display a great number 
black TiOs 
granules. The nodules also show numerous 
argentaffin precollagenous fibers, while col- 
The 
tissue reaction due to TiOs can thus be 
clearly distinguished after 85 days from 


of macrophages containing 


lagenous fibers are extremely rare. 


Fig. 11.—Fibrotic tis- 
sue of an intramesen- 
terial silicotic nodule 55 
after the intra- 
mesenterial administra- 
tion of 2.5 mg. SiO» A 
fine network of argen- 
taffin 
fibers 
picture. 


days 


precollagenous 
dominates the 


x 110, 
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Fig. 12.—Fibrotic tis- 
sue of an intramensen- 
terial silicotic nodule 
180 days after the in- 
tramesenterial adminis- 
tration of 2.5 mg. SiOs. 
The interior of the no- 
dule consists mainly of 
a dense collagenous tis- 
sue. 110 


quartz fibrosis and is of a cellular and 
reticuloendothelial nature. 

The nodules due to TiQs—SiOz» mixtures, 
as described under effect of varying pro 
portions of quartz on intramesenterial fi- 
brotic nodules, exhibit 
tissue and fewer macrophages the greater 
the proportion of quartz in the dust mixture 
administered. 


more collagenous 


Comment on Results 


The results demonstrate that each of the 
three methods used offers the possibility of 
estimating quantitatively the fibrogenic ac 
tivity of a dust. However, if we compare 
the results obtained by the different meth 
ods, we see that each has certain limitations 
and is open to some criticism. 

A serious disadvantage of the intraperi- 
toneal and intratracheal methods lies in the 
relatively wide variance shown by the meas- 
ured values; both the safety limits of the 
E. D.s9 and the standard deviation of the 
lung weights are considerable (38%). It 
follows also that no useful relationship 
between the extent of fibrosis and the size 
of the dose applied is obtainable by either 


of these methods. 

The intraperitoneal method could prob- 
ably be improved by using a better adjusted 
and more frequent dosage ; 


however, this 


ACTION OF 


QUARTZ DUSTS 


would require a very large expenditure of 
animals. 

In order to assess the progressivity of the 
fibrosis, it is essential that there should be 
close interrelation between the measured 
values and the duration of the test. In the 
intratracheal method this interdependence 
is not statistically reliable in spite of the 
long time intervals used. In the intramesen- 
terial method, on the other hand, a ready 
assessment of the growth of the fibrosis is 
possible. 

The two most important requirements for 
an experimental method designed to provide 
a measure of the fibrogenic activity of a 
dust are that it should determine the rela- 
tionship of the experimental fibrosis both 
to the applied dose and to the duration of 
the test. Both these 
by the 


requirements are met 
intramesenterial method. 

We believe that the increase of the fibro- 
sis with duration of the test provides a 
particularly good measure of the fibrogenic 
activity of a dust. The intramesenterial 
injection of a dose of dust into a sufficiently 
large number of rats (at least 15 per group) 
followed by group autopsy after two or 
three months therefore appears to us to 
constitute the most appropriate procedure. 

Compared with the other two methods, 
the intramesenterial method has the disad- 
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vantage of requiring a surgical operation 
and a difficult and delicate injection tech- 
nique. Furthermore, since more than 0.02 
cc. of liquid per blister cannot be injected, 
rather high dust concentrations are neces- 
sary, resulting occasionally in the forma- 
tion of aggregates which block the needle. 
For this reason it will probably prove im- 
possible to test by this method dusts which 
have a tendency to form aggregates. 

A particularly interesting finding is that 
mixtures of quartz with inert dusts when 
injected intratracheally cause more exten- 
sive fibrosis than similar doses of pure 
quartz (Table 4). This confirms analogous 
findings by Ray, King, and Harrison,!* who 
demonstrated that fibrosis in rats is in- 
creased by mixing coal dust or graphite with 
the quartz dust. They ascribe this result 
to blocking of the lymph passages by clumps 
of dust. 

This not revealed so 
clearly when the intramesenterial technique 
is employed. In the test described under 
effect of various kinds of dust and dust 
mixtures on intramesenterial fibrotic nod- 
ules (Fig. 9), the nodule weights resulting 
from dust mixtures were rather higher than 
those due to pure quartz; on the other hand, 
in the test described under effects of varying 
proportions of quartz on intramesenterial 
fibrotic nodules (Fig. 10), the mixtures 
containing 5%, 15%, and 45% of quartz 
caused smaller nodules than pure quartz. 
Nevertheless, these results also are of in- 
terest in demonstrating that the quartz 
content of a dust has not the significance 
for the extent of the fibrosis which one 
might expect. 


phenomenon is 


Summary 


An attempt has been made to develop a 
biological method permitting quantitative 
assessment of the fibrogenic activity of 
quartz dusts and dust mixtures. To this 
end rats have been treated with quartz and 
other dusts of known chemical composition 
and particle size. Aqueous suspensions of 
these dusts prepared by conventional meth- 
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ods have been administered by intraperito- 
neal and intratracheal injection as well as by 
a new technique of intramesenterial injec- 
tion. 

In the intraperitoneal method the E. D.5 
(=dose of the dust which causes a macro- 
scopically recognizable fibrotic reaction in 
50% of the experimental animals) has been 
adopted as a measure of the fibrogenic ac- 
tivity. In the other two methods, the 
weights of the lungs and of the intramesen- 
terial fibrotic nodules, respectively, have 
been adopted. In addition, all fibrotic tissue 
lesions have been subsequently examined 
histologically. In a further series of tests 
the quartz content of the crgans affected 
has been determined chemically, thus pro- 
viding information not only on the errors 
involved in the methods used but also on 
the processes by which dust is eliminated 
from the tissues. 

The results show that the intraperitoneal 
method is unsuitable for determination of 
the E. D.59, since the limits of error are 
too wide, and that consequently it is incapa- 
ble of demonstrating significant differences 
between different kinds of dust or between 
different durations of test. By the intra- 
tracheal method it shown that 
there is an increase in lung weight due to 
fibrosis which is dependent both on the 
quartz dose administered and on the dura- 
tion of the test. However, the usefulness 
of this method is severely limited by the 
wide variance of the individual lung weights 
(s=+38%). 

By the use of the intramesenterial method 
a linear relationship has been demonstrated 
between the logarithms of the weights of 
the fibrotic nodules and the logarithms of 
the quartz doses administered. A_ similar 
linear relationship has existed also between 
the nodule weights and the lengths of time 
for which the dust remained in the mesen- 
tery. The variance of the individual values 
amounted to s=+20%. The 
intramesenterial injection thus appears to 
provide a practicable method of comparing 
the fibrogenic activity of a dust with that of 


could be 


method of 


: 
Ager 
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a pure quartz dust and of obtaining a meas 
ure of such activity. 

Intramesenterial tests with dust mixtures 
have shown that dust suspensions contain- 
ing equal parts of quartz and of TiO, or 
kaolin have a fibrogenic activity equal to 
that of the same amount of pure quartz. 
On the other hand, with increasing quartz 
content of the dust mixture a slight in 
crease in the nodule weight has been re 
corded. 


Histological examination of the fibrotic 
tissue has revealed morphological changes 
which are also characteristic of human sili 
cosis. The principal features of these 
changes are a more or less dense network 
of collagenous fibers, cell degeneration, and 
at the periphery or in fibrosis of recent 
origin tissue rich in nuclei and containing 
argentaffin precollagenous fibers. 
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Introduction 


The Roller particle-size analyzer has 
mainly been used for size analysis of dust 
samples in the range of 2y-60u diameter.* 
The present report describes the operating 
characteristics of the Roller separator in 
the production of aerosols from dust sam- 
ples, with special emphasis on aerosols 
under 10, in diameter. 


Experimental Procedure 
Figure 1 shows the Roller particle-size 
analyzer + mounted in a soundproof cabinet. 
The standard 1%, 244, 4%, and 9 in. I. D. 


stainless-steel settling chambers are shown 
in their detached mount on the left. A spe- 
cially constructed 18 in. I. D. settling cham- 
ber and its mount are shown in place ready 
for use. 

The operation of the Roller apparatus has al- 
ready been described.t Essentially, air at a known 
flow rate in the range from 2.5 to 35 liters STP 
per minute is led into a curved Pyrex inlet tube 
through a metal nozzle (Fig. 1). The static pres- 
sure is adjusted to approximately 4 cm. mercury 


Lovelace Foundation for Medical Education and 
Research. 

This work was supported by Contract DA 18- 
108-CML-5050, U. S. Army Chemical Corps Medi- 
cal Laboratories. The article is based on material 
presented in Medical Laboratories Contract Report 
No. 53 (1955). 

* References 1 to 3. 

+ American Instrument Co., Inc., Silver Spring, 
Md. 

t References 1 and 4. 
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by choosing an appropriate nozzle size for use 
with the required air-flow velocity. Approximately 
10 ml. of dust sample is placed in the inlet tube, 
and this dust is blown up into the separating 
chamber when the air flow is turned on. Two sets 
of rotating hammers, one striking the lower U- 
tube, the other striking the steel chamber, serve to 
reduce the amount of dust sticking to the internal 
surfaces. The critical part of the apparatus, 
where size separation is affected, is the central 
large diameter portion of the settling chamber in 
which the linear air velocity is a minimum. In 
this section the upward aerodynamic force on a 
particle is a minimum, and if the particle is larger 
than a critical size given by Stokes’ equation, it 
will fall back under its own weight. A _ particle 
smaller than the critical size will continue to rise 
until it reaches the upper conical portion of the 
separating chamber, where the air-flow velocity 
again increases and quickly carries it over into 
an air-permeable paper thimble. 


Fig. 1.—Roller particle-size analyzer with spe- 
cial 18 in. separating chamber and holder. Four 
chambers of smaller size are shown disassembled. 


} 
Received for publication July 11, 1956 | 


ALROSOL PRODUCTION WITH THE ROLLER SEPARATOR 


Experimental measurements consisted of weigh- 
ing the amount of material deposited in the paper 
thimble within a given time period of operation 
at constant air-flow velocity and determining the 
size distribution of this material. Air at 
humidity was used in all experiments, the monthly 


ambient 


average humidity being in the range 20% to 50%. 
Humidity effects were minimized by taking the 
initial thimble weight after blowing air through 
the empty apparatus. 

Samples for size analysis were obtained at the 
end of each run by wedging a halved microscope 
slide into the collecting thimble and running the 
apparatus for a period requisite for obtaining a 
light deposit on the slide—a period varying from 
a few seconds to three minutes, depending on the 
rate of separation. 

Size measurements were made with a microscope 
fitted with a filar micrometer eyepiece. The “sta- 
tistical diameter” was used as a measure of par- 
ticle size, being the distance between the two ends 
of a particle as determined in a random but 
horizontal direction for all particles 
measured on one slide.® All particles within several 
randomly chosen fields of view were measured, 


constant 


except particles less than approximately one-fifth 
the average size of particles in the fraction, since 
such particles contributed a negligible amount to 
the total fraction weight. The number of par- 
ticles measured varied from 50 to 200, depending 
on the degree of size uniformity in the fraction. 
To check the reproducibility of this sampling 
method, 11 replicate sample slides were taken and 
50 particles measured on each slide; the deviation 


from the mean size averaged 4.6% for these 11 


tories through the courtesy of Dr. 


Methylene 


Ge rege H. 


Berryman blue ( Bacto-Methylene 


Blue, Difco 


Laboratories) was a commercial 
product. Aluminum oxide (corundum, AlO;) was 
a finely ground preparation of white trigonal 
crystals for use in microtome knife sharpening 


Scarlet 
red (Sudan IV) was a commercial product (Na- 


(Berkeley Division, Beckman Company) 


tional Aniline Division, Allied Chemical and Dye 
( BizOs, 
COz) was a specially ground preparation supplied 


Corporation). Bismuth subcarbonate 


by Merck and Company. 


Results 


The purpose of the experiments was to 
test the ability of the Roller apparatus to 
produce size fractions of narrow size range 
from a particulate sample of wide size 
range. In the course of this work it was 
necessary to attempt determination of the 
time required for separation “to comple- 
tion” of any one size fraction, to examine 
the variations in size at different time inter- 
vals during separation of a single size 
fraction, and to investigate the application 
of Stokes’ law to the operation of the Roller 
separator. 

Size Range of Particles in Individual Frac- 
tions.—Figure 2 shows the size distribution 
of fractions obtained with the Roller ap- 
paratus, using a separation time of 45 min- 


Matcrials.—Toluidine blue was a_ specially Utes for each size fraction and air-flow 
ground preparation supplied by Abbott Labora- velocities that doubled from one fraction 

50-5 Siv 

Bly 
13.6y 
Fig. 2.—Roller separation of 10.0 gm. of tolu- 
o~ _ dine blue. Time of separation constant at 45 
3h minutes for each size fraction. 
/ 39.ly 
56.7y 
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to the next. It should be noted that the 
Roller separator will not permit production 
of one particular size fraction without first 
removing smaller size particles by use of 
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87.8%, the balance of the sample weight 
remaining stuck to the inside surfaces of 
the separating chamber 
tubes. 


and connecting 


Fig. 3.—Roller separation of 10.0 gm. of methyl- 
ene blue. Time of separation constant at 45 min- 
utes for each size fraction 


qT 
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PARTICLE SIZE wy 
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30 


If the relative 
size range of particles in a given size frac- 
tion is expressed as the percentage 
upper size limit—lower size limit 
100 xX 
mean fraction size 

then the relative size range of the fractions 
decreased with increasing particle size. 
Thus, in Figure 2 the relative size range of 
two-thirds of the particles in the two smallest 
size fractions averaged 64%, while this figure 
was 34% for the two largest size fractions. 
Table 1 records relevant details of condi- 
tions used in this separation. This Table 
shows that the recovery of dye was only 


lower air-flow velocities. 


Figure 3 shows similar size-distribution 
curves obtained with methylene blue dye, 
except that air-flow velocities increased on 
the average 3.5 times going from one size 
fraction to the next larger. With this less 
exacting schedule, the spread of particle size 
in any one fraction is wider than that in 
Figure 2. 

The data given in Table 1 may be used 
to estimate various parameters of the orig- 
inal sample. Thus, a cumulative size-distri- 
bution curve may be constructed by plotting 
the cumulative weight of dye in each frac- 
tion against mean particle size of the frac- 


TABLE 1.—Roller Separation of 10.0 Gm. of Toluidine Blue 


Time of Separation Constant 


(2) (3) 
Chamber 
Internal 


Diameter, 


(4, 
Chamber 
Fraction, Cross Section 


No. 


Air-flow 
Rate, 
L./Min. 


‘ 
Residue 


Air-flow 
Velocity in 
Chamber, 
Cm./Min. 


at 45 Minutes for Each Size Fraction 


(= 


7) (8) 
Mean 
Size of 

Particles, 


5) (6) (9) 
Range of 
Size of % 


of Particles, 


Wt. in 
Fraction, 


Cumulative 
Wt., Gm. 
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50 

50, 
23.5y 
40 / 

46 Sy 

30 

20 

10 
/0 20 70 80 90k 

In, Sq. Cm. Gm. “ 
ae 1 2.5 9 4104 6.1 0.98 0.98 5.1 3.8- 6.8 
e 2 5.0 9 410.4 12.2 2.18 3.16 8.1 4.9-10.5 
A 3 10.0 9 410.4 24.4 2.26 5.42 13.6 WM -17 

: 4 5.0 4% 102.6 48.7 0.80 6.22 22.0 18 -27 
; 5 10.0 4% 102.6 97.5 1.03 7.25 31.1 27 -36 
: 6 5.0 2% 25.65 195 0.52 7.77 39.1 32 -46 
10.0 24 25.65 390 0.88 8.60 56.7 49 -67 
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tions. The 50% point of this curve gives 

the mean sample size on a weight basis. 
Time Required to Separate a Size Frac- 

tion.—Figure 4 shows that large size frac 


% OF FRACTION BLOWN INTO TH/IMBLE 


46y METHYLENE BLUE x0 
30y METHYLENE BLUE 
lly METHYLENE BLUE 
7w METHYLENE BLUE 
5y TOLUIDINE BLUE 


taining separation “to completion” for small 


particle sizes. 


Roller? has developed a 
method for determining the amount of ma- 
terial that would have been obtained by 


Fig. 4 
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Time required 
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size 


tion 
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tions can be separated relatively rapidly, 
while smaller size fractions require pro- 
gressively longer for separation. The irreg- 
ular steps in the curve labeled 5, toluidine 
blue are due to interrupting the separation 
to take weighings at too closely spaced time 
intervals that approximate to the time re- 
quired for particles to be blown from the 
bottom to the top of the separation chamber. 

Figure 4 illustrates the difficulty of ob 


the method 
consists of extrapolating to zero rate of sepa- 
ration the straight-line portion of a plot of 
rate of separation against cumulative weight 
While this method 


1S satisfactory for aerosols of 60n particles, 


separation “to completion” ; 


of material separated. 


Roller ! has found that smaller size aerosols 
give marked deviation from a straight-line 
curve at low rates of separation, thereby 
invalidating the use of this method. 
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Fig. 5.—Rate of sep- 
aration of 10.0 gm. of 
bismuth subcarbonate at 
hourly intervals, using 
the 18 in. diameter sep- 
arating chamber and an 
air flow rate of 2.5 liters 
STP per minute. 
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Figure 5 is an illustration of the Roller 
extrapolation method as applied to the sep- 
aration of a sample of bismuth subcarbonate 
of very small particulate size (see next 
paragraph) using the 18 in. separating 
chamber. Each point represents the amount 
of material separated in one hour. In the 
initial portion AB of the curve the rate of 
separation is increasing, probably due to 
heavy initial deposition of particles on the 
walls of the separating chamber. When 
the walls are sufficiently covered so that 
the rate of deposition and the rate of dis- 
placement of particles from the wall are 
more nearly equal, more aerosol material 
remains to pass over into the thimble. After 
the rate has reached its maximum value B, 
it declines again along BC due to a gradual 
reduction in the number of particles of the 


2.—Roller Separation of 
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“4 (5) 
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small size necessary for separation into the 
thimble. The fact that the portion CD of 
the graph is curved makes extrapolation to 
zero rate of separation difficult. 

Change of Aerosol Size During Separa- 
tion of a Single Size Fraction mean 
statistical diameter of the sample of bismuth 
subcarbonate separated as shown in Figure 
5 was determined after each hour of the 16 
hour run. The values obtained were 1.4y, 
1.3p, 14y, 1.3p, 14y, 1.4p, 1.5p, 1.5p, 
1.5y, 1.74, and 1.7 p, 
showing progressively a rise from the Ist 
to the 16th hour. The possibility that an 
increase in particle size occurred on pro- 
longed separation at constant air-flow rate 
was further tested by the experiments de- 
scribed in Tables 2 and 3. 


10.0 Gm. of Aluminum Oxide 


Time of Separation Constant at 45 Minutes for Each Size Fraction 


3 (6 (8 
: Chamber Chamber Air-flow Mean Range of 
Fraction, Air-flow Internal Cross Section Velocity in Wt. in Cumulative Size of Size of % 
No. Rate. Diameter, Area, Chamber, Fraction, Wt., Gm. Particles, of Particles, 
L./Min. In. Sq. Cm Cm./Min. Gm. “ 
1 2. 9 410.4 6.1 0.82 1.4 1.0- 2.2 
2 5.0 9 410.4 12.2 2.77 4.5 3.4 5.6 
3 8.5 9 410.4 20.7 H8 5.8- 7.9 
4 5.0 4he 102.6 48.7 10.0 7.8-12.6 
5 10.0 4% 102.6 97.5 11.6 9.3-14.1 
TaBLe 3.—Roller Separation of 10.0 Gm. of Aluminum Oxide 
Time of Separation Prolonged to One or More Hours for Each Size Fraction 
Experimental Conditions Precisely as for Fractions 1 to 5 of Table 2. 
Values from Two Identical Experiments Are Recorded. 
(1) 2 (3 “4 5 (6 
Time After Wt. in Fraction, Cumulative Wt., | Mean Size of Particles, Mean Size 
Fraction, Start of Run, Exot. 1, Exot. 2, Mean, Mean, Expt. 1, Expt. 2, Mean, Range of 2¢ of 
No. Hr. Gm. Gm. Gm, Gm “ “ “ Particles, u 
1 0 mn 2.6 2.6 2.6 2.0 - 3.3 
1 1.085 1.050 1.07 1.07 2.7 3.5 3.1 2.4 - 3.9 
2 0.710 0.670 0.69 1.76 3.1 2.7 2.9 2.2 - 3.9 
4 0.480 0.360 0.42 2.18 3.5 4.3 4.0 3.1 - 5 
4 0.375 0.415 0.40 2.58 4.0 4.1 4.0 3.4 - 5.0 
5 0.225 0.325 0.27 2.85 4.7 5.7 5.2 43-63 
2 0 2.85 6.3 5.3°- 7.2° 
1 1,220 1,150 1,18 4.03 58 5.8 5.8 5.0 - 6.9 
2 0.585 0.415 0.50 4.53 5.5 7.0 6.2 §.5 - 7.0 
3 0.240 0.420 0.33 4.86 6.0 7.0 6.5 53-79 
3 0 4.56 7.7 6.5°- 9.4° 
1 0.770 0.315 0.54 5.40 7.9 78 7.8 6.6 - 9.1 
2 0.260 0.285 0.27 5.67 38.3 8.3* 7.0°- 9.9° 
4 0 Ee 5.67 8.6 8.6* 6.5°-10.5* 
1 0.780 0.400 0.59 6.26 9.1 6.1 9.1 7.7 -10.8 
5 6.26 8.7 8.7* 7.8*-10.1° 
i 0.470 0.460 0.46 6.72 9.3 9.7 9.5 7.6 -1L.7 
Residue 0.48 1.38 0.93 


* Values from a singie experiment. 
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{EROSOL PRODUCTION WITH THE ROLLER SEPARATOR 


Table 2 gives the results obtained in the 
separation of a sample of aluminum oxide, 
with the time of separation held constant 
at 45 minutes for each size fraction. Table 
3 shows results obtained in duplicate ex- 
periments using the same sample of alumi- 
num oxide, with the time of separation 
continued for several hours for the smaller 


size fractions. In Figure 6 the mean size 


S207 cm/min 


6 


em/min 


6/¢m/min 


Meon Porticle Size, 


over with the next larger size fraction and 
the that fraction. 
Thus, if the main purpose of a Roller anal- 


reduces mean size of 
ysis is the determination of mean sample 
size, prolonged periods of separation for the 
different size fractions are not essential. 
Application of Stokes’ Law to the Roller 
Apparatus.—Koller' has reported good 
agreement between Stokes’ law size and the 


Fig. 6- 
uminum 


Change of al- 
oxide particle 
size with time of separa- 
tion at constant flow rate. 


= 


2 3 4 
Time in hours 


of particles given in Table 3 is plotted 
against time of separation. The mean par 
ticle size of the smallest size fraction in- 
creased from 2.6 to 5.2 or 100% during 
the five-hour run. The corresponding in 
crease was far less marked for the larger 
size fractions. These results indicate that 
the mean particle size of size fractions 
under approximately 5, in diameter in- 
creased significantly in the course of Roller 
separation of the aerosol materials used in 
this study. 

In comparing the results in Tables 2 and 
3, it is of particular interest that, when 
mean sample size was calculated on the 
basis of 100% recovery of sample weight 
in the five size fractions, the results were 
5.0u for the data in Table 2 and 5.3 for 
the data in Table 3. The unexpectedly close 
agreement of these figures is probably due 
to the fact that, even though less material 
separates during a 45-minute separation 
period, the residual separable material comes 


cube root of the product of length, breadth, 
and width for the separation of glass plate- 
lets and rodlets of 27 size in the Roller 
apparatus. With rough-textured or surface- 
irregular particles, such as mica, Roller 
found that the mean diameter was of the 
order of to as against 27 pre- 
dicted from Stokes’ law. Pollard* found 
that Stokes’ law applied for particle di- 
ameters of 54 to 20u but that for larger 
particles the air velocity was proportional 
to the 1.4 power of the diameter. 

The results obtained in the present study 
are plotted in Figure 7. The ordinate is the 
unit density diameter, dy, given by 

du=dV p 
where 
du=diameter of particle of unit density 
having the same shape as the ole 
inal particle 
d=measured diameter of particle 
p=density of particle 

The abscissa in Figure 7 represents air- 

flow velocity in the large diameter portion 
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Fig. 7.—Air-flow velocity required to separate particles of various diameters in the Roller 
apparatus. 
of the Roller separation chamber. The Comment 
dotted line represents Stokes’ law relation The present data record the range of 


between spherical particles of unit density 
and the air-flow velocity required to hold 
them suspended against the force of gravity. 
Cunningham’s correction has been applied 
to this relation.® 

The results in Figure 7 show an approxi- 
mate agreement with Stokes’ law, air-flow 
velocity being on the average related to 
the square of particle diameter. At sizes 
below approximately 10% or 15 the rele- 
vant power of the diameter is less than 2; 
above this size it is 2 or, for the results 
with aluminum oxide and bismuth subcar- 
bonate, somewhat higher. Precise agree- 
ment with Stokes’ law cannot be expected, 
since Stokes’ law applies to spherical parti- 
cles, and no shape factor was applied to 
convert the measured statistical diameter 
into an equivalent spherical diameter. The 
very presence of particles of different sizes 
obtained in a single size fraction at a 
constant flow velocity would seem to rule 
out the possibility that Stokes’ law can 
apply precisely under the conditions encoun- 
tered in the Roller separator. 
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particle size obtained with the Roller sep- 
arator in the separation of a size fraction 
at constant air-flow velocity. Separation “to 
completion” of size fractions under ap- 
proximately 20 is not possible with the 
materials investigated; the reason appears 
to be that aggregates of the aerosol particles 
are continuously broken down as the sep- 
aration proceeds. Thus, the actual size anal- 
ysis obtained depends to some extent on the 
time allotted for the separation, i. e., for 
the breaking down of aggregates. This hy- 
pothesis was tested in an experiment in 
which particles of toluidine blue 54 in mean 
size, blown over in three identical experi- 
ments starting with 10.0 gm. of Oyn-60u 
toluidine blue, were combined and _ resep- 
arated under the same air-flow conditions. 
The rate at which these particles separated 
the second time was quite similar to that of 
the original separation and indicated that, 
when the 5, particles were deposited, they 
recombined to form aggregates far larger 
than 

For purposes of clarity the “true” size 
of a powder is defined as its size in the 
unaggregated state. Since only a_hypo- 
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AEROSOL PRODUCTION WITH THI 


thetical separation “to completion” would 
leave the sample in an unaggregated state, 
“true” sample size cannot be determined 
with the Roller 


purposes Roller’s 


separator. For practical 


extrapolation method ! 
may be used, or the size analysis may be 
used without correction but with the under- 
standing that aggregates are classified as 
discrete particles. 

The curves shown in Figure 4 suggest 
the possibility that the Roller separator 
could serve for aerosol production for 
use in animal inhalation studies, since with 
the small particle sizes, such as 5y toluidine 
blue, the rate of separation of material dur 
ing the first two or three hours of the run 
remains relatively constant. 


Summary 
The operating characteristics of the 
Roller separator have been investigated, 
with special emphasis on the production of 
aerosols under 10 in unit density diameter. 
The size range of particles separating at 
constant flow rate increased with decreasing 


particle size and was relatively wide for 
particles under 10u. The rate of separation 
of such particles was much slower than for 
larger size particles, probably due to tena- 


cious formation of aggregates. For the 
materials studied, the mean size of frac- 
tions under 5 diameter increased signifi- 


cantly in the course of Roller separation at 


ROLLER 


SEPARATOR 


constant air-flow rate. The size separation 
obtained with the Roller separator was in 
approximate agreement with Stokes’ law. 

Mrs. 3aker and Mrs. Margot P. Hol- 
comb rendered technical assitance in the final 
stages of the work; Robert A. Smith, Robert S 
Harper, Kay Harper, and Merrill A. Palmer, of 
the Department of Medical Illustration, prepared 
the text figures, and Drs. Thomas L. Chiffelle and 
Bernard B. Longwell contributed helpful discus- 


sion 
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An earlier report from this laboratory 
has shown that the aromatic chlorinated 
hydrocarbon insecticides, such as aldrin, 
caused an initial decrease in serum esterase 
in rats! and thereafter a significant rise 
above normal. It was demonstrated that 
the aliesterase fraction was involved, This 
phenomenon was subsequently employed to 
protect rats against the organic phosphates 
which reduce serum esterase.* 

Previous investigations of esterase re- 
sponse following carbon tetrachloride ad- 
ministration have yielded conflicting results. 
Srauer and Root* observed that intra- 
peritoneal injection of carbon tetrachloride 
in rats caused a fall in serum esterase after 
a latent period of three days. In oral ad- 
ministration of the toxicant to dogs an 
initial rise preceded a slow irregular fall in 
activity. For this work esterase activity 
was assayed with the use of acetylcholine as 
substrate. Ellis, Sanders, and Bodansky ® 
reported a reduction in serum esterase ac- 
tivity in rats. Brown and Harrison ® have 
reported that subcutaneous injection of car- 
bon tetrachloride caused no change in serum 
pseudocholinesterase in male rats. It was 
evident from these studies that further work 
on the pattern of response and enzyme 
specificity was warranted. 

The present paper covers initial esterase 
experiments with rats using the simple 
chlorinated hydrocarbon, carbon tetrachlo- 
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ride. The purpose of these experiments was 
to determine whether a similar pattern of 
enzyme response to that shown by aldrin and 
other chlorinated hydrocarbon insecticides 
occurred.' 

Our experiments have established the pat 
tern of serum esterase response of rats to 
carbon tetrachloride administered by the 
oral and inhalation routes. The specific 
nature of the esterase has been explored. 


Experimental Procedures 


In these experiments male Sprague-Dawley rats, 
approximately 2 months old and weighing between 
250 and 300 gm., were used. Diet was Master 
Feed Fox Breeder starter cubes. Oral administra 
tion was carried out by stomach tube, as in pre 
vious experimental work in this laboratory.’ For 
the inhalation experiments rats were exposed in 
a dynamic chamber for 6 hours in 24 over periods 
of 1 to 54 days 

Serum esterase activity was measured by the 
Gomori technique.. The study of specificity of 
enzyme response was carried out using the War 
burg manometric method.’ 


General Description of Chamber 


A stainless steel, 1600 liter dynamic exposure 
chamber, fabricated under the direction of Dr 
William G. Fredrick, of the Detroit Department 
of Health, was used for the inhalation work. The 
dimensions of the chamber were 5 by 5 by 4 ft 
A schematic representation of the chamber and 
metering apparatus is shown in Figure 1, and a 
photograph of the general assembly in Figure 2 
Animal cages containing 10 individual compart 
ments were used in the chamber, to which access 
was gained through a 3 by 3 ft. water-sealed port 
in the top. A Crowell rotary pump was used to 
draw air through the chamber. Laboratory tem- 
perature was maintained at 22 C 

Carbon tetrachloride vapor was introduced into 
the inlet air from a vaporizing unit operating at 
100 C. This is shown in Figure 3. The flow of 
chemical to this unit was regulated by a dual 
syringe feeder. The plungers on two syringes, 
alternately delivering and filling with carbon tetra- 
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Fig. 2.—General as 
sembly of Fredrick dy- 
namic exposure chamber 
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Fig. 3.—Detail of va- 
porizing unit for Fred- 
rick chamber. 


chloride, were operated through a gear and cam 
drive by a constant speed Bodine motor. The 
air-flow rate was adjusted by a gate valve on a 
bleeder between the chamber outlet and the pump 
inlet. With the water seal on the port, air flows 
as high as 350 liters per minute were attainable. 

A Fischer-Porter rotameter calibrated in 10- 
liter-per-minute divisions, with a range from 30 
to 550 liters per minute, was installed between the 
chamber outlet and the bleeder to measure air- 
flow rate. Adjustment of concentrations was at- 
tained by changing the air-flow rate and using the 
appropriate gear combinations on the dual syringe 
feeder. 

Concentrations of CCl in the chamber were 
checked during the course of the experiments by 
the method of Volhard.” The following levels of 
concentration were found at nominal settings of 


1000, 500, and 100 ppm: 957417, 531425, 946. 


Experimental Results 


Early experiments on rats by oral ad- 
ministration of single doses of carbon tetra- 
chloride at approximately half I. D.50 levels 
(4000 mg/kg.) revealed a drop in the Go- 
mori index of serum esterase to around 
60% of normal at the end of three days, 
with rapid recovery toward normal by the 
fourth day. The findings are shown in Fig- 
ure 4. 

Nature of Enzyme Changes.—To estab- 
lish the specific nature of the enzyme re- 
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duced in activity, the foregoing experiment 
was repeated on two groups of six male 
rats. Two groups of matching controls 
were included. Samples of blood for War- 
burg assay using specific substrates were 
taken from the hearts of one group at the 
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end of 48 hours after carbon tetrachloride 
administration. For the Gomori test blood 
from the tails of the other group was used. 
The Warburg assays were conducted by 
the method of Mendel, Mundell, and Rud- 
11 


ney.'! Benzoylcholine was used as a sub- 


strate to estimate pseudocholinesterase 
activity ; triacetin was the substrate selected 
True 
cholinesterase in serum was not studied, as 
it had been shown by Ellis and Root ™ that 
rat serum contained an insignificant quantity 
of this esterase fraction. 
In the Warburg 


choline in sodium bicarbonate at pH 7.4 


to determine aliesterase activity. 


first assay benzoyl- 
was added to serum volumes of 0.6 ml. to 
bring final concentration of substrate to 
0.006 M and reaction volume to 4 ml. 


cubation in reaction flasks for 30 minutes 


In- 


followed. A matching group of untreated 
As will be seen in the 
Table, the serum from the treated group 


controls was run. 


showed an increase in benzoylcholine hy- 
drolyzing enzyme (pseudocholinesterase) to 
the extent of 5.567. This was significant to 
P=—0.05. 


SERUM ESTERASE RESPONSE TO CARBON TETRACHLORIDE VAPOR 


Identification of Rat Serum Enzyme Reduced F 


Method Substrate 


Warburg 


Benzoylcholine 
(0. 


avi) 


Triacetin 
(0.005 M) 


Warburg 


Phenylbenzoate 
(saturated) 


Gomori 


* Warburg activity as ul CO:+/hr/0.02 ml.; Gomori as y phenol per 3yl serum. 


The assessment of serum esterase by the 
Gomori techniques showed that serum from 
treated animals had an activity 53% of con- 
trols (Table). This finding was consistent 
with the Warburg assays, as the Gomori 
substrate, phenylbenzoate, is hydrolyzed by 
both aliesterase and pseudocholinesterase. 

Inhalation Experiments.—In view of the 
marked response of rats after oral admin- 
istration of carbon tetrachloride, a series 
of tests was undertaken in the exposure 
chamber so as to examine the response 
under conditions of exposure typical in 
human situations. The index of 
esterase activity was used throughout these 
inhalation experiments because of its sim- 
plicity and as it had been checked by the 
Warburg technique using specific substrates. 

(a) At the Level of 1000 Ppm in Air: 
Exposure to 1000 ppm in air for six hours 
under chamber conditions led to a maximum 
reduction in esterase level to 68% of nor- 
mal. This is shown in Figure 4 where the 
average level for the exposed group is 
calculated as percentage of a matching con- 
trol It will be that the 


Gomori 


group. observed 


ollowing Carbon Tetrachloride Administration 


Enzyme Activity* 


Control Treatedt 
(2) 


+ Activity measured 48 hours after administration of a single oral dose at 4000 mg/kg. level. 


t Standard deviation. 
§ Significant to P=0.05. 


Samples of blood from the same rats 
were assayed with triacetin in sodium bi- 
carbonate at pH 7.4. Final substrate con 
M, and reaction vol- 
ume was 4 ml. The results shown in the 
Table indicate that a reduction in triacetin 
hydrolyzing enzyme (aliesterase) to 47% 
of control level occurred. 


centration was 0.005 


pattern of response is much the same as that 
following a single oral administration. 

The next experiment involved exposure 
of another group for 6 hours daily over 10 
days at 1000 ppm. This caused a progres- 
sive reduction in serum esterase to 27% 
of normal by the end of seven days, after 
which _ the entered a 


animals recovery 
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phase even though exposure was continued. 
sy the 10th day average weight had fallen 
to 87% of controls. This experiment was 
terminated at the 10th day in view of the 
slow esterase recovery. The results are 
plotted in Figure 5. 

(b) At the Level of 500 Ppm in Air: 
The results of this experiment involving 
daily six-hour exposures are shown in Fig- 
ure 5. A minimum esterase level of 45% 
of normal was established at the sixth day, 
and, as in the similar experiment at 1000 
ppm, recovery set in even though exposure 
continued. 


EFFECT OF DAILY 6 HR. EXPOSURE TO CCI, IN AIR ON 
RAT SERUM ESTERASE ACTIVITY (10 MALE RATS PER 


M. A. ARCHIVES OF INDUSTRIAL HEALTH 


In a previous publication* we reported 
the protective action against parathion which 
accompanied the augmented serum esterase 
of aldrin-treated animals. The rats from the 
above experiment were given parathion on 
the 35th day at an oral dosage of 12 mg/kg. 
corresponding to double the L. D.50 level. 
In spite of the fact that the esterase activity 
was 253% of normal when the parathion 
was administered, all animals died, whereas 
with aldrin-treated rats having only 30% 
excess esterase dosages corresponding to 
around seven times the L. D.59 of parathion 
were tolerated. 
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Figure 5 


This recovery was slow but significant, 
reaching a maximum of 52.6% of normal 
at the 17th day. Thereafter a decrease oc- 
curred, ending at around the 25th day, and 
another recovery cycle was entered. On the 
32d day exposure was terminated. The level 
of esterase for these animals at the 35th day 
was 253% of normal. During the period 
average weight fell to 78% of controls by 
the 30th day and recovered to 86% by the 
35th day. 
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(c) At the Level of 100 Ppm in Air: 
The striking response of the serum esterase 
to the inhaled concentration of 500 ppm 
suggested further work at lower concentra- 
tions more typical of conditions in industry. 
An inhalation experiment at 100 ppm was 
therefore carried out using the six-hour ex- 
posure per day, seven days per week. 

The results of this experiment are shown 
in Figure 6. A reduction in serum esterase 
activity to 58% of normal had developed by 
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the fifth day. Serum esterase then recovered 
to 79% and entered a series of phases in 
which the level rose and fell between a re- 
peated minimum of 70% and _ successively 
It will be noted from 


Figure 6 that maxima increased along the 


increasing maxima. 


slope of a line which intersected the ordi- 
nate at the 70% 


imum for each phase. A minimum average 


level which was the min 


weight corresponding to 94% of controls 
was recorded on the 29th day, with return 
to normal weight by the 76th day. 

Serum esterase activity reached 98% of 
normal by the 54th day despite continued 
exposure. At this stage exposure was ter 
minated. Serum esterase level rose rapidly, 
and by the 57th day of the experiment 
activity was 154% of normal—156% by 
the 62d day. Activity fell to 140° by the 
69th day. 

(d) Dosage-Response Relationship: Plot- 
ting the dosage response of serum esterase 
activity decrease at a given time did not 
yield a straight line, but when the maximum 
depression for each dosage (100, 500, and 


100 ppm) was substituted for 


straight line was obtained (Fig. 7). 


time, a 


Comment 


Previous investigations of esterase re 


sponse tetrachloride 


administration have yielded conflicting re- 


following carbon 
sults,* presumably because widely different 
levels of dosage and various routes of ad- 
ministration were employed. In addition, 
substrates for enzyme were nonspecific in 
certain cases. In the present investigation 
we employed the oral route of entry for our 
preliminary work and then inhalation, for 
it is primarily by this latter route that 
carbon tetrachloride exerts its toxic action 
on the exposed human. Three levels of 
dosage, from 100 to 1000 ppm in air for 
six-hour exposures per day, covered a prac- 
tical danger range met with in industry. 
linally, we selected the method of Gomori 
for enzyme this method had 
proved simpler to perform than the con- 
ventional Warburg technique. 


assay, as 


* References 3 to 6. 
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Figure 7 


Owing to limited physical facilities, we 
were not able to confirm our findings on 
other species than the rat. 

Our finding that the benzoylcholine hy- 
drolyzing enzyme (pseudocholinesterase ) 
rose only 5% following oral administration 
is in substantial agreement with the work 
of Brown and Harrison, who reported no 
change in these enzymes following sub- 
cutaneous administration. 

The reduction in the triacetin hydroyzing 
enzymes which we found has not previously 
been reported and cannot be compared with 
the findings of other investigators. Apart 
from this fact, our rats failed to withstand 
massive dosing with parathion in the stage 
of augmented triacetin-hydrolyzing-enzyme 
activity, as did aldrin-treated rats in the 
apparently similar state. This appears to 
indicate other possible enzyme effects which 
our specific techniques did not reveal. Until 
more is known of the fundamental nature 
of esterases, and until the substrates are de- 
veloped to cover adequately the range of 
these enzymes, comparison between the 
work of different experimenters will remain 
difficult. The Gomori response, as shown 
in the Table, has been accounted for by 
Warburg assessment using two specific en- 
zymes. There is no evidence of other enzyme 
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sources whose activity is incorporated into 
the Gomori index, and at least in terms of 
following one phase of the biochemical re- 
sponse to the toxic chemical, the Gomori 
index has proved a useful tool. 

The inhalation findings represent the first 
experimental work in which esterase re- 
sponse to inhaled carbon tetrachloride has 
been determined. It is evident (Figs. 4, 5, 
and 6) that this assessment is a sensitive 
index of exposure, revealing the initial re- 
sponse and the gradual adaptivity of our 
experimental animals. As such it should 
provide a much needed diagnostic tool in 
clinical assessment of exposed workers. In 
this connection reference may be made to 
a recent paper by Straus and co-workers '* 
in which a reduction in the acetylcholine 
hydrolzing enzymes of the serum of 
workers poisoned by trichloroethylene has 
been observed. Further clinical trial by the 
Gomori technique, as used in our experi- 
ments, would appear to be strongly war- 
ranted. 


Mr. A. R. Main and Mr. E. Belanger assembled 
the Fredrick chamber; Mr. J. W. Sinclair as- 
sisted in the enzyme determinations. 
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Comparative Study 


N. A. RENZETTI, Ph.D. 
and 


J. C. ROMANOVSKY, M.S., Los Angeles 


Introduction 


We have made an analysis of the Los 
Angeles smog with respect to one of its 
primary manifestations, namely, the pres- 
ence of “oxidant.” Previous studies * have 
indicated that periods of smog are char- 
acterized by high oxidant values. The data 
for the analysis were obtained from four 
instruments which sampled Pasadena atmos 
phere for the period from July 15 to Nov. 
15, 1955. This location and period of 
sampling were chosen because, as shown in 
Reference 2, Pasadena is an area of high 
incidence of smog during this particular 
time of the year. This made it possible to 
get the maxima of data for the shortest 
possible sampling schedule. The four in 
struments used phenolphthalin 
oxidant apparatus, a potassium iodide con- 
tinuous oxidant recorder, a rubber cracking 


were a 


apparatus, and an ozone ultraviolet spectro- 
meter. All this equipment was situated on 
the California Institute of Technology 
campus within a distance of 325 ft. of one 
another. The phenolpthalin apparatus was 
operated by A. J. Haagen-Smit and M. M. 
Fox on the first floor of Kerckhoff Labora- 
tories ; the potassium iodide continuous oxi- 
dant recorder and the ozone rubber cracking 
apparatus were operated by the Field Group 


Received for publication July 9, 1956. 

Presented at national meeting of the Air Pollu- 
tion Control Association in Buffalo, May 21, 1956. 

Air Pollution Foundation (Dr. Renzetti); Los 
Angeles County Air Pollution Control District 
(Mr. Romanovsky). 

* References 1 to 3. 
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of the Air Pollution Control District on the 
roof (fourth floor) of West Bridge Lab- 
oratory of Physics; and the spectrometer 
was operated between Kerckhoff and Bridge 
Laboratory roofs by Borman Engineering, 
Inc., under contract to the Air Pollution 
l‘oundation. 


Definition of Oxidants 


The term “oxidant” is rather an elastic one, 
meaning different things in different places 
The most exact definition can be 
lated as follows: 


formu- 
“An oxidant in air is a 
substance whose oxidation potential is higher 
than that of the ordinary oxygen (Oz) in the 
same air, both taken at the concentrations 
actually present in the mixture being ana- 
lyzed.” Since it is often not convenient to 
measure the oxidation potential of the con 
stituents in air, the following definition is 
frequently substituted: “An oxidant in air 
is a substance capable of oxidizing a refer- 
ence substance, said reference substance 
being incapable of being oxidized by ordi- 
nary atmospheric oxygen.” This second 
definition is of such importance that it must 
be clearly understood; it is the one which 
will be used throughout this report. 

This definition is based on a reference 
substance, and whether or not a substance 
meets the definition depends to a consider- 
the substance 
For this reason we find somewhat 
different results with different substances. 
For convenience the reference substance is 
usually an aqueous solution of a reducing 
agent. Therefore, the properties of the 
reference substance depend not only on 
the reducing agent used but also on the 
concentration of the solution, the pH of the 


able extent on reference 


chosen. 


5 
| 
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solution, the temperature, and other factors. 

In the determination of oxidants the air 
is brought in contact with the reference 
solution, and the amount of the latter which 
is oxidized is measured. This determination 
of oxidants is an empirical one, and there 
fore the numerical results are comparable 
only when determinations are made in ex 
Also, they must be 
considered as measuring the condition of 


actly the same way. 


the air rather than the exact amount of any 
specific substance. 

The closer the reduction potential of the 
reference solution approaches the oxidation 
potential of atmospheric oxygen, the closer 
the second definition will approach the first. 
Individual reference substances will be dis- 
cussed in the section dealing with laboratory 
response studies. 


Total versus Net Oxidants 


Smog contains both oxidizing and reduc- 
ing agents. The oxidizing power of smog 
may be considered either as the total amount 
of oxidants without any allowance for the 
reducing agents present or as the net 
amount of oxidizing agents present after 
(assumed) reaction with the (potential) re 
ducing agents. These two values are often 
widely different, and in considering any 
data on oxidants it is necessary to know 
whether a net or total figure is being meas- 
ured. 

One phase in the above description of net 
oxidants needs further explanation, namely, 
“after reaction with the reducing agents.” 
In the gas phase reducing and oxidizing 
substances in the concentrations found in 
polluted air can coexist for considerable 
time their low rates. 
For example, air may contain both ozone, 


because of reaction 
an oxidant, and sulfur dioxide, a reducing 
substance. 

When air containing both oxidizing and 
reducing materials is passed through a 
reagent, the extent and nature of the re- 
action will depend both on the substances 
in the air and on the nature of the reagent. 


The reaction will rarely conform stoichio- 


OXIDANTS AND OZON! 


metrically with any simple equation. For 
this reason corrections to be applied to net 
oxidants to convert them to total oxidants 
are rather empirical. 

In the data reported herein, the chemical 
methods of analysis give a net oxidant. To 
get a total value, one must add to this net 
value the amount of oxidant lost by reaction 
with reducing substances, but this correc- 
tion factor is empirical and often difficult 
to make. Under present conditions in the 
Angeles the uncorrected net 
value does correlate with smog severity.” 


Los Basin 

One of the principal oxidants of concern 
in this study is ozone, the triatomic form of 
oxygen, a highly reactive and oxidizing 
material. It is considered a normal com 
ponent of the earth’s atmosphere of variable 
concentration averaging between 1 and 3 
pphm (by vol.). Most polluted atmospheres 
are devoid of ozone, since they are appar- 
ently in the main reducing atmospheres 
However, in Los Angeles ozone is the only 
oxidant which has been well identified, and 
the other oxidants either have been postu- 
lated or suspected to exist. 


Instrumentation 


The phenolphthalin method for measur- 


ing oxidant has been described in a prelim- 


inary report.* It is based upon the oxidation 
of phenolphthalin to phe- 
nolphthalein by the oxidant 
present in the atmosphere. The concentrated 
phenolpthalin reagent is diluted with dis- 
tilled water to which copper sulfate is 
added. This mixture is placed in a bubbler, 
and air at approximately 1 liter/minute is 
passed through for 10 minutes. The color 
developed is read on a standard colorimeter 
using a green filter (No. 54) on a Klett- 
Summerson colorimeter. 
of the oxidant 
standard curve. 


The concentration 
can be estimated from a 
The standard curve is de- 
veloped by using dilute solutions of 30% 
hydrogen peroxide for the concentration 
range of interest 0-100 pphm (by vol.). A 
complete description of this apparatus and 


methodology by the originators, A. J. 
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Haagen-Smit and M. M. Fox, will be sub- 
mitted to the Journal of the Air Pollution 
Control Association. 

The principle of the potassium iodide 
recorder has been described.° The instru- 
ment consists essentially of two parts: a 
continuous air-liquid contacting column and 
a recording colorimeter. Its operation is 
based on the liberation of iodine from a 
buffered neutral (pH 7) potassium iodide 
solution by the oxidant in the atmosphere. 
The light transmission of the reacted solu- 
tion is measured by a photocell colorimenter 
and is continuously recorded on a_ strip- 
chart recorder. The reacted solution passes 
from the colorimeter through an activated 
carbon filter to effect regeneration of the 
iodide solution. By maintaining air- and 
liquid-flow rates constant, it is possible to 
calibrate the instrument directly in terms 
of, say, ozone. Calibration of this system 
is effected by putting known amounts of 
iodine in 20% potassium iodide directly into 
the colorimeter cell and developing a graph 
of absorbance (at 3550 A.) versus concen- 
tration of iodine (0-100 micro equivalents). 
Then the equivalents of iodine may be re- 
lated to the equivalents of ozone, since the 
over-all reaction appears to be O3+2KI+ 
H2,O@O02+12+2 KOH. As operated in this 
survey, an air-flow rate of 5 liters/minute 
and a liquid-flow rate of 5 ml./minute were 
maintained. This equipment was built by 
the Beckman Instrument Company, of Ful- 
lerton, Calif., under contract to the Air 
Pollution Foundation. 

The principle of using the cracking of 
rubber for ozone measurement has been dis- 
cussed in this 
survey, atmospheric concentrations of ozone 


Reference 6. As used in 


were obtained by observing the time re- 
quired for initial cracking on a calibrated 
strip of rubber placed under tension in the 
air stream. A flow rate of 1 or 1% 
liter/minute was maintained by a suitable 
pump and flowmeter. The rubber stock is 
calibrated against a known concentration of 
ozone produced in an ozonizer and meas- 
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ured by iodine released from a 2% KI 
solution. 
The 


been 


ozone ultraviolet spectrometer has 
briefly in 
Basically the method makes use of the 
strong absorption by ozone of ultraviolet 
radiation in the region of 265-280 mp and 
the practically negligible absorption at 313 
mp. A beam of ultraviolet light is projected 


across a 325 ft. atmospheric path to a 


discussed Reference 7. 


quartz spectrometer where the intensity is 
measured as a function of wave length. 
Readings for each wave length were ob 
tained twice every 15 minutes throughout 
the 24-hour period. In order to minimize 
the effect of other attenuants and particulate 
TA, 
Te Dy 
265 mp, Az 
313 mp, Ag=280 mp, are used to determine 


scattering, ratios of intensities for 


the three wave lengths, A, 


the ozone concentration. Calibration is nor- 
(12-4 
a.m.) ratios as essentially zero ozone con- 
centration. 


mally effected by using nighttime 


Laboratory-determined absorp- 
tion coefficients, accurate to about 1%, are 
used in the computation. 


Methods of Sampling the Atmosphere 


The phenolphthalin oxidant apparatus, as 
used in this survey, was operated daily 
throughout the period July 15 to Nov. 15 
from about 8 a.m. to 6 p.m. The atmosphere 
is sampled each hour at 1 liter/minute for 
10 minutes. Therefore, the data as reported 
represent the concentration of oxidant in a 
10 liter sample of the atmosphere taken 
hourly. 

The potassium iodide oxidant recorder 
was operated continuously on a 24-hour 
basis for the entire period of the 
survey. The atmosphere was sampled at 5 
liters/minute. A continuous trace of oxi- 
dant concentration versus time was obtained 
on the strip-chart recorder. The data pre- 
sented in this study were obtained by tak- 
ing hourly readings, averaging them for 
each hour, and plotting the resulting value 
for each hour on the half hour. However, 
there is a considerable time lag in the re- 


: 
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sponse on the chart to the actual concentra 
tion of oxidant in the atmosphere because 
of the finite liquid-flow rate and liquid ca- 
pacity of the For rapid 
large changes in oxidant concentration the 
recorder may lag 10-20 minutes. 


colorimeter.+ 


The rubber cracking apparatus was used 
to measure the atmospheric ozone, and it 
was operated only at times of predicted high 
smog conditions during the middle hours of 
the day. Since the degree of cracking de 

+ Roberts, W. J., and Judd, S. H.: Concerning 
the Oxidant Recorder 
(COR), memorandum to A. T. Rossano Jr., Cali 


fornia State Department of Public Health, June 
15, 1955 


Seckman Continuous 
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pends on both the concentration and the 
time of exposure, sampling times varied 
from 1 to 20 minutes, and the correspond- 
ing 1-30 liters. 
Readings were taken every 15 minutes to 
1 hour apart, depending on how fast the 
ozone concentration was rising. 

The 


run continuously night and day throughout 


sampling volumes were 


ozone ultraviolet spectrometer was 
this period. As indicated above, two essen- 
tially instantaneous determinations of ozone 
are obtained every 15 minutes. The data, 
as presented in this study, were based on 
the average of eight instantaneous readings 
for each hour. 
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Figure 1 


A. 


In summary of the methods of sampling, 
one should note that, whereas the chemical 
methods perform integrations in time (1 to 
20 minutes), the spectroscopic instrument 
performs an integration over space (i. e., 
the 325 ft. optical path). Some of the dif- 
ferences in the response curves might be 
attributed to these variations. 


Laboratory Studies and Calibrations 


In view of the fact that previous evidence 
indicated that the primary component of 
the oxidant in the Los Angeles smog is 
ozone, it seemed reasonable to us to relate 
the relative responses of the various chem- 
ical systems to gaseous ozone in air. When 
one does this, one runs into rather diffi- 
cult chemistry and somewhat surprising re- 
sults. 

In the case of the use of phenolphthalin 
reagent for the measurement of oxidant in 
the range of concentration of 0-100 pphm 
(by vol.), the normal practice has been to de- 
velop the calibration curve of color (optical 
density) with known concentrations of hy- 
drogen peroxide. One then reads the optical 
density of the phenolphthalin which has 
reacted with air to obtain the concentration 
of oxidant therein. 

Experiments using this method of cali 
bration and measuring the response of the 
phenolphthalin reagent to an ozone-in-air 
stream have been carried out in three separ 
ate laboratories. 

Levy,t at the Air Pollution Control Dis- 
trict, obtained the results shown in Figure 
1. These data yield a ratio of phenol- 
phthalin response to ozone to that of 
hydrogen peroxide of 2.25. The ozone-in- 
air stream was monitored with iodine re- 
lease in a 2% potassium iodide bubbler 
apparatus. The iodine released was meas- 
ured by the titration method. In other 
words, phenolphthalin reagent would indi- 
cate 2.25 times the actual amount of ozone 
if one used the peroxide calibration. We 

tLevy, B.: Phenolphthalin Method as a Meas- 
ure of Ozone in the Atmosphere: Unpublished 


report of Test D-40, Air Pollution Control Dis- 
trict, Los Angeles County, Dec. 30, 1954 
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have indicated this result in the first line of 


the Table. 
Laboratery Data 


Ratio of 
Reagents Response 
Phenolphthalin (1 bubbler) 2.253 
Potassium iodide 2%* 


Phenolphthalin (1 bubbler) 2.62§ 
Potassium iodide 2%t 


Phenolphthalin (3 bubbler) __. 2.10) 
Potassium iodide 4% (buffered)t 


Phenolphthalin (3 bubbler) 1.75 
O (dilution 


Potassium iodide continuous oxidant recorder 
(Beckman) t__. 1.13% 
Potassium iodide 2%* 


Iodine release by titration 

lodine release measured colorimetrically 

Los Angeles County Air Pollution Control District 
A. J. Haacen-Smit 

| Armour Research Foundation 


t 
+ 
+ 
N 


Haagen-Smit carried out similar experi 
ments not only with the phenolphthalin but 
also with 2% and 20% potassium iodide in 
distilled water and with 20% potassium 
iodide buffered. The samplers were all 
bubblers, and the amount of iodine released 
was determined colorimetrically. His re 
sults are summarized in graphical form in 
Figure 1, wherein the three-bubbler phe 
nolphthalin response is arbitrarily set at 1 
to 1. The three-bubbler system represents 
complete capture of the ozone, as shown by 
negligible color developed in the third 
bubbler. It is convenient in atmospheric 
sampling to use a single bubbler even at the 
expense of some loss of oxidant. How 
ever, there appears to be a constant ratio 
between the two systems, so that the one 
bubbler data can be converted to the three 
bubbler. The ratio of the single bubbler 
(phenolphthalin response to 2% potassium 
iodide) is pertinent to this study, and the 
value of 2.62 was obtained and entered in 
line two of the Table. 

Finally, in the laboratories of the Armour 
Research Foundation, as a part of a re- 
search project supported by the Air Pollu- 
tion Foundation, the response of phenol- 
phthalin and 4% potassium iodide * to ozone 
was studied. In this case Armour used the 
technique of quantitatively diluting a known 


\ 

he 

re 


high concentration of ozone to the ppm 
range for the development of the response 
curves shown in Figure 1. The technique 
involves starting with liquid ozone, pumping 
to get rid of oxygen, evaporating ozone into 
container of known volume of several cubic 
centimeters to an accurately measured pres 
sure, and using the gas laws to calculate the 
This method needs fur 
ther development, so that the Armour re 


amount of ozone. 


sults are to be considered preliminary. The 
ratios thus determined are entered in the 
Table. 

[t can easily be seen from the Table that 
the laboratory calibrations leave something 
to be desired in regard to consistency of 
We had to 


be arbitrary in establishing the correction 


phenolphthalin behavior. have 
factor for reducing the phenolphthalin oxi- 
dant data to the same basis on the other 
methods. We have settled on the value of 
2 for the ratio of phenolphthalin to 2 KI 
response and have so treated the data shown 
in this study. Unfortunately the details of 
the reaction of ozone and hydrogen peroxide 
with phenolphthalin are lacking, and so we 
have no good theoretical basis for the se 
lection of this ratio. We note, however, that 
the literature states * that hydrogen peroxide 


reacts with phenolphthalein to produce 
phthalic acid and hydroquinone. 
In the laboratories of the District the 


relative response of the Beckman potassium 
iodide oxidant recorder and 2% potassium 
iodide unbuffered was studied. Figure 1 
shows the graph of the calibration data for 
the particular oxidant recorder used in ob 
taining the atmospheric oxidant of this 
study. A 1/1.13 is 
indicated in order for these data to be on 
the same basis, namely, to the 2% KI 


monitored ozone-in-air calibrating stream. 


correction factor of 


Although in this case the correction amounts 
to only 13%, tests on other instruments 
show this factor may be as high as 70%. 
The calibration of the ozone spectro- 
meter is accomplished in the following way. 
The ozone concentration at time f 
termined from the equation 


iS de- 
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where 


C,=coneentration of ozone at night when it 
s approximately 0; say, 2 pphm 


Ia1,o=intensity of radiation at mu at 
same time as C, is chosen 


Ixso=intensity of radiation at *:=313 mu at 
same time as C, is chosen 


=intensity at *:;=265 my at time ¢ 
intensity at *.=313 my at time ¢t 


325 feet 


a;=absorption coefficient at *.=265=0.125 
km.- pphm- 

a:=absorption coefficient 
km.-! pphm- 


at .=313=0.00 


LAs 


For each day we 


We have also used the ratio - 


where A3=280 muy. read 
off the ratio of the appropriate intensities 
when it reaches a minimum and set this as 
the condition for Co=2 pphm. This may 
occur as early as 10 p.m. or as late as 4 
a.m., Or as in many cases the intensities 
fluctuate about a low value for several 
hours, we resort to an average minimum 
For the rest of the day we associate the 
change in this ratio to the increase in ozone 
concentration by the above formula. Refer 
ence 10 is the source of data for the absorp 
tion coefficients. 

The above manipulations then presumably 
put both data on the same basis, namely, 
responses are referred to dynamic calibra 
streams which, in 
monitored with 2% KI 

stock is calibrated 
against ozone measured by iodine release 
from 2% 


tions with ozone-in-air 


turn, have been 


Since the rubber also 
KI, the three chemical systems 
are all referred to the same basis. The de- 
tails of the ozone concentration calibrations 
used by the spectroscopists in establishing 
the basic absorption data are not readily 
available. However, close agreement among 
the various investigators for the absorption 
coefficient implies good reproducibility in 
measuring ozone concentration in their ab- 
sorption cells over a large range of values. 


Comment on the Data 


The results of sampling the atmosphere 
for the period July 15 to Nov. 15, 1955, are 
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In summary of the methods of sampling, 
one should note that, whereas the chemical 
methods perform integrations in time (1 to 
20 minutes), the spectroscopic instrument 
performs an integration over space (1. €., 
the 325 ft. optical path). Some of the dif- 
ferences in the response curves might be 
attributed to these variations. 


Laboratory Studies and Calibrations 


In view of the fact that previous evidence 
indicated that the primary component of 
the oxidant in the Los Angeles smog is 
ozone, it seemed reasonable to us to relate 
the relative responses of the various chem- 
ical systems to gaseous ozone in air. When 
one does this, one runs into rather diff- 
cult chemistry and somewhat surprising re- 
sults. 

In the case of the use of phenolphthalin 
reagent for the measurement of oxidant in 
the range of concentration of 0-100 pphm 
(by vol.), the normal practice has been to de- 
velop the calibration curve of color (optical 
density) with known concentrations of hy- 
drogen peroxide. One then reads the optical 
density of the phenolphthalin which has 
reacted with air to obtain the concentration 
of oxidant therein. 

Experiments using this method of cali- 
bration and measuring the response of the 
phenolphthalin reagent to an ozone-in-air 
stream have been carried out in three separ- 
ate laboratories. 

Levy,t at the Air Pollution Control Dis 
trict, obtained the results shown in Figure 
1. These data yield a ratio of phenol- 
phthalin response to ozone to that of 
hydrogen peroxide of 2.25. The ozone-in- 
air stream was monitored with iodine re- 
potassium iodide bubbler 


lease in a 2% 


apparatus. The iodine released was meas- 
ured by the titration method. In other 
words, phenolphthalin reagent would indi- 
cate 2.25 times the actual amount of ozone 
We 


if one used the peroxide calibration. 


tLevy, B.: Phenolphthalin Method as a Meas- 
ure of Ozone in the Atmosphere: Unpublished 


report of Test D-40, Air Pollution Control Dis- 
trict, Los Angeles County, Dec. 30, 1954. 
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have indicated this result in the first line of 


the Table. 


Laboratory Data 


Ratio of 


Reagents Response 
Phenolphthalin (1 bubbler) 2.253 
Potassium iodide 2%* 

Phenolphthalin (1 bubbler) _. 2.62§ 

Potassium iodide 2%t 

Phenolphthalin (3 bubbler) __- 2.10) 

Potassium iodide 4%  (buffered)t 

Phenolphthalin (3 bubbler) 1.751 

O , (dilution) 

Potassium iodide continuous oxidant recorder 
(Beckman) t___- 1.13 


Potassium iodide 2%* 


* Iodine release by titration 

t lodine release measured colorimetrically 

} Los Angeles County Air Pollution Control District 
§ A. J. Haacen-Smit 

| Armour Research Foundation 


Haagen-Smit carried out similar experi 
ments not only with the phenolphthalin but 
also with 2% and 20% potassium iodide in 
distilled 20% 
iodide samplers 


and with potassium 


The 


bubblers, and the amount of iodine released 


water 
buffered. were all 
was determined colorimetrically. His re 
sults are summarized in graphical form in 
Figure 1, wherein the three-bubbler phe 
nolphthalin response is arbitrarily set at 1 
to 1. 
complete capture of the ozone, as shown by 


third 


bubbler. It is convenient in atmospheric 


The three-bubbler system represents 


negligible color developed the 
sampling to use a single bubbler even at the 


expense of some loss of oxidant. How 
ever, there appears to be a constant ratio 
between the two systems, so that the one 
bubbler data can be converted to the three 
bubbler. The ratio of the single bubbler 
(phenolphthalin response to 2% potassium 
iodide) is pertinent to this study, and the 
value of 2.62 was obtained and entered in 


Table. 


Iinally, in the laboratories of the Armour 


line two of the 


Research Foundation, as a part of a re- 
search project supported by the Air Pollu- 
tion Foundation, the response of phenol- 
phthalin and 4% potassium iodide *§ to ozone 


was studied. In this case Armour used the 


technique of quantitatively diluting a known 


: 
~ 
= 
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high concentration of ozone to the ppm 
range for the development of the response 
curves shown in Figure 1. The technique 
involves starting with liquid ozone, pumping 
to get rid of oxygen, evaporating ozone into 
container of known volume of several cubic 
centimeters te an accurately measured pres 
sure, and using the gas laws to calculate the 
amount of ozone. This method needs fur 
ther development, so that the Armour re 
sults are to be considered preliminary. The 
ratios thus determined are entered in the 
Table. 

It can easily be seen from the Table that 
the laboratory calibrations leave something 
to be desired in regard to consistency of 
We have had to 
be arbitrary in establishing the correction 


phenolphthalin behavior. 


factor for reducing the phenolphthalin oxi- 
dant data to the same basis on the other 
methods. We have settled on the value of 
2 for the ratio of phenolphthalin to 2@ KI 
response and have so treated the data shown 
in this study. Unfortunately the details of 
the reaction of ozone and hydrogen peroxide 
with phenolphthalin are lacking, and so we 
have no good theoretical basis for the se 
lection of this ratio. We note, however, that 
the literature states * that hydrogen peroxide 
reacts with phenolphthalein to produce 
phthalic acid and hydroquinone. 

In the District the 


relative response of the Beckman potassium 


laboratories of the 


iodide oxidant recorder and 2% potassium 
Figure 1 
shows the graph of the calibration data for 


iodide unbuffered was_ studied. 
the particular oxidant recorder used in ob- 
taining the atmospheric oxidant of this 


study. A 1/1.13 is 


indicated in order for these data to be on 


correction factor of 
the same basis, namely, to the 2% KI 
monitored ozone-in-air calibrating stream. 
Although in this case the correction amounts 
to only 13%, tests on other instruments 
show this factor may be as high as 70%. 

The calibration of the ozone spectro- 
meter is accomplished in the following way. 
The ozone concentration at time ¢ is de 
termined from the equation 


a = @ 
where 
C,=concentration of ozone at night when it 
s approximately 0; say, 2 pphm 
I,1,o=intensity of radiation at 4,=265 mu at 
same time as C, is chosen 
of radiation at *:=313 my at 
same time as C, is chosen 
Tai,e=intensity at 4,=265 my at time ¢ 
Ias,e=intensity at \.=313 my at time ¢ 
s=325 feet 
a;=absorption coefficient at *,=265=0.123 
km.-! pphm- 
a:=absorption coefficient at *.:=313=0.00 
km.-! pphm- 
LAs 
We have also used the ratio —* 
1 


where A;=280 mp. ‘For each day we read 
off the ratio of the appropriate intensities 
when it reaches a minimum and set this as 
the condition for Co=2 pphm. This may 
as 10 p.m. or as late as 4 
cases the 

value for 


occur as early 


a.m., OF as in many intensities 


fluctuate about a low several 
hours, we resort to an average minimum 
For the rest of the day we associate the 
change in this ratio to the increase in ozone 
concentration by the above formula. Refer 
ence 10 is the source of data for the absorp- 
tion coefficients. 

The above manipulations then presumably 
put both data on the same basis, namely, 
responses are referred to dynamic calibra- 
with ozone-in-air streams which, in 
with 2% KI 
calibrated 


tions 
monitored 
stock 1s 
against ozone measured by iodine release 


turn, have been 


Since the rubber also 
from 2% KI, the three chemical systems 


The de- 


tails of the ozone concentration calibrations 


are all referred to the same basis. 


used by the spectroscopists in establishing 
the basic absorption data are not readily 
available. However, close agreement among 
the various investigators for the absorption 
coefficient implies good reproducibility in 
measuring ozone concentration in their ab- 
sorption cells over a large range of values. 


Comment on the Data 


The results of sampling the atmosphere 
for the period July 15 to Noy. 15, 1955, are 
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summarized in graphica! forms in Figures 2 potassium iodide, and rubber 


and 3. The phenolphthalin and potassium 
iodide oxidant data have been adjusted in 
accordance with the findings of the previous 
section. 


60 ; 


cracking, 
show the same response to smog oxidants, 
both as regards shape of curves and as re- 
gards concentration values. These are fur- 
ther demonstrated in Figure 3 which shows 


DIURNAL VARIATION 
oF 


OXIDANTS ANC OZONE | 
PASADENA | 


5 


Phenolphthalin 
Ki 

Rubber Cracking 
——— LV Spectrometry 


> 


CONCENTRATION pphm 


AUGUST 30, 1955 
ALM. NOON PLM. P.$.T 
Figure 2 


igure 2 shows the diurnal variation of 
the responses of the four instruments for 
four typical smog days. The characteristic 
sharp increase in the early morning hours, 
rising to a peak in the middle of the day, 
and gradual diminution in the afternoon 
are well demonstrated. In a few instances 
where probably meteorological factors were 
atypical, there are double peaks or cases 
where a single peak occurs as early as 
10 a.m. or as late as 3 p.m. 

The diurnal graphs also indicate that the 


a monthly and a four-month average for 
phenolphthalin and potassium iodide. Since 
the number of sampling days and data are 
fewer for rubber cracking and spectrometry, 
we have plotted those separately in Figure 
3. It should also be noted that the spectro 
meter shows a flatter response than do any 
of the chemical systems, and ozone peak 
values are less. This might be due to the 
build-up of such other oxidants as organic 
peroxides, ozonides, and free radicals at 
the higher ozone concentrations. Since, as 


three chemical systems, phenolphthalin, indicated in the next section, the oxidant 
DIURNAL VARIATION 
| | Phenolphthalin 

z oF KI 
= 20). OXIDANTS AND OZONE 
= PASADENA Four-Months Average 
3 Monthly Average y 15,=-Nov. 15, 1955 
z August 1955 
0 

iP) 4 8 8 12 4 } 

ALM, A.M NOON Pim P.S.T 
40 
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12 4 12 12 4 8 12 
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nitrogen dioxide (NOs) measured by the 


Saltzman reagent either decreases or re- 
mains fairly low in concentration during 
the day, it is not likely that this contami- 
nant can account for the increase in oxidant 
over ozone. If sulfur dioxide is present in 
appreciable the total oxidant 
would be larger than that indicated by the 


phenolphthalin or potassium iodide, since 


quantities, 


SO. would depress their response. Re 
ducing agents might also account for the 
oxidant readings being lower than ozone 
in the early morning and late afternoon. 
An indication of the order of magnitude 
of other oxidants can be computed from, 
say, the atmospheric phenolphthalin oxidant 
response. For a day when this value is 100 
pphm and ozone is 30 pphm of this total, 
one multiplies the ozone value by 2 to relate 
it to peroxide calibration; one then obtains 
100—60 or 40 pphm of other oxidant. This 
would be a minimum value, since peroxides 
of different kinds are known not to react 
quantitatively with phenolphthalin (i. e., 
Ref- 
erence 15 gives a result of 38 pphm for 
peroxides in air using the peroxidase test. 


dialkyl peroxides do not react at all). 


Comment on Interferences 


Cholak "! has carried out some laboratory 
experiments on the effect of two air con- 
taminants of interest to this study, nitrogen 
dioxide (NOs) and sulfur dioxide (SOs), 
upon oxidant measurement by potassium 
iodide (20% buffered). 

Cholak comes to the conclusion that the 
response of the oxidant recorder is 1 part 
oxidant to 5 parts nitrogen dioxide using 
the 
indicate § average nitrogen dioxide concen- 


ozone as oxidant. Since recent data 
trations of the order of 5-15 pphm during 
the middle of the day, corrections of 1 to 
3 pphm should be applied to potassium 
iodide oxidant data. 

Cholak’s results of the effect of sulfur 


dioxide were more serious with 3 pphm 


§ Air Pollution Foundation and Los Angeles 
County Air Pollution Control District: Unpub- 
lished data on NO and NO; 
in Los Angeles Atmosphere, 1955. 


Concentrations of 
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SOs causing a reduction of 


1 pphm of 


recorded oxidant (ozone). Unfortunately 
we have no data for SOs concentration for 
Pasadena. However, if we examine some 
1954 data for downtown Los Angeles, we 
note SOs reached a peak of 10 pphm based 
on the The four- 


month average oxidant for this sampling 


four-month average. 
station reached a peak of 13 pphm. Based 
on the above results, the corrected oxidant 
would have been 16 pphm. We would ex- 
pect similar conditions to prevail in Pasa- 
dena unless there were an additional effect 
of a local source of SOs. 

Levy || has carried out similar laboratory 
studies of the effect of NOs and SOs on 
phenolphthalin. The results indicate that 80 
pphm of NOs would give the same response 
as 12 pphm of ozone. Therefore, in the 
atmospheric phenolphthalin oxidant data 
the effect of 5 to 15 pphm of NOs would 
be less than 2 pphm of oxidant. The results 
with SOs were such that the effects were 
smaller than the probable error in oxidant 
measurement itself; i. e., up to 50 pphm 
SOz gives 1 or 2 pphm reduction of oxi- 
dant. 

Haagen-Smit ® has studied the effects of 
NOs and SOs on rubber cracking. For both 
of these contaminants he finds negligible 
effects (0-100 
pphm) involved. However, Crabtree !* has 


for the low concentrations 


observed that stressed rubber is cracked in 
a manner indistinguishable from ozone by 
the free radicals, tertiary butoxy, phenyl, 
benzoyl, acetyl, and hydroxyl. Since these 
radicals may be produced by the catalyzed 
photolysis of volatile peroxides assumed to 
be in smog, they could be considered a 
possible interference to ozone by rubber 
cracking method. 

srattain,{ in reviewing the possible inter- 

|| Levy, B.: Evaluation of the Interference of 


NO: and SOs in the Measurement of Ozone by 
the Phenolphthalin Method: Unpublished report of 


Test D-8, Air Pollution Control District, Los 
Angeles County, July 1, 1954 
{ Brittain, R.: Personal communication to one 


of the authors (N. A. R.) 
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ferences to ozone determination by ultra- 
violet spectrometry by using the ratio T265. 
313 
states the following substances would be im- 
portant: napthalene, 1 and 2 methyl 
napthalene, anthracene, phenanthracene, 
benzoyl peroxide, and pyridine. To a less 
extent p- 
xylene would also interfere. However, the 
the ——— for the 
logs 
determination would minimize the 
possible effect of the substances. 
Furthermore, the additional data from in- 
frared spectrometry on the concentrations 


cyclopentadiene, toluene, 


use of additional ratio 


ozone 


above 


of hydrocarbons in the Pasadena atmos- 
phere indicate * that these reach a maximum 
when oxidant concentration is low and vice 
versa. 

The other possible interference in this 
method is that due to selective attenuation 
by particulate scattering of the radiation at 
the wave lengths used. Fortunately some 
data by Baum and Dunkelman }* show that 
over the visual range 0.4 to 12 miles errors 
corresponding to 1 or 2 pphm of ozone 
only can develop. It should be noted that 
the effect of all the interferences discussed 
for the spectrometric method would make 
the ozone determinations, as presented in 
this report, higher than the true ozone con- 
centration in the atmosphere. 


Conclusions 


The responses of potassium iodide and 
rubber cracking to Los Angeles smog in 
Pasadena are essentially the same when 
their calibrations are derived by an ozone- 
in-air stream. The response of phenol- 
phthalin is also the same if definitive labora- 
tory calibrations with ozone establish the 
ratio of 2 for phenolphthalin to 2% potas- 
sium iodide as used in this study. 

These chemical systems respond to other 
oxidants in addition to ozone in the smog, 
as judged by the ozone concentrations de- 
rived from ultraviolet absorption spectro- 
metry. 
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These other oxidants reach 10-40 pphm 
concentrations for ozone values above 20 
pphm. 

When the reagent phenolphthalin  cali- 
brated with H»eOvs is used as an indicator 
of ozone concentration, a correction factor 
should be established empirically for the 
particular instrumental arrangement used in 
sampling. It is expected that this factor 
will lie between 2 and 3. 


Recommendations 


Since phenolphthalin, potassium iodide, 
and rubber cracking show essentially the 
same the any one 
can be used as an indicator of oxidant in 
Los Angeles smog provided that a common 
reference method is used for their calibra- 
tions. 


response on average, 


An oxidant recorder not responsive to 
ozone should be used to monitor smog in 
order to establish its correlation with eye 
irritation and plant damage. References 14 
and 15 suggest two: techniques that could 
be applied to this problem. 

Additional comparative studies at other 
locations in the Los Angeles Basin should 
be undertaken to see if similar relations be- 
tween oxidants and ozone are obtained. For 
example, different relations might indicate 
different stages of the smog-forming re- 
actions. 

Either spectroscopic apparatus or 2% KI 
should be used for calibrating ozone-in-air 
streams which, in turn, are to be used for 
the calibration of other ozone or oxidant 


methods in the range of concentration 
0-100 pphm. 
Sufficient laboratory response studies 


should be conducted to eliminate lack of 
consistency in the results from previous 
investigations. 

Prof. A. J. Haagen-Smit, of the California 
Institute of Technology, and M. M. Fox, of the 
Los Angeles County Air Pollution Control Dis- 
trict, supplied their phenolphthalin oxidant data 
and offered advice on interpretation. Other data 
were made available by the California State De- 
partment of Health, and data processing was 
carried out by the Data Reduction Group, of the 


| 
i? 
aS 
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Air Pollution Control District, and Rita Tice, of 
the Air Pollution Foundation. The Rock Island 
Arsenal, Army Ordnance Department, lent some 
components of the ozone spectrometer. The opera 
tion of various recorders was carried out by the 
Field Group of the Air Pollution Control District 
and E. M. Liston, of the Air Pollution Founda- 
tion. Helpful conversations were held with Dr 
L. H. Rogers, of the Air Pollution Foundation, 
and Dr. Paul Mader, of the Air Pollution Control 
District. 
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Until recently compounds of lithium, be- 
cause of their low inherent toxicity, have 
caused no industrial problems. In the case 
of lithium hydride violent coughing and 
sneezing result when microgram quantities 
are dispersed in the atmosphere. Whether 
such minute exposures also cause a toxic 
hazard has been unknown; in fact, pertinent 
data made imperative a series of investiga- 
tions on the inhalation toxicity of lithium 
hydride.’ 


Materials and Methods 


The material used for these studies was 
a commercially available product * of rela- 
tively high purity (93% theoretical hydro- 
gen yield) sealed in quarter-pound cans. 
Because of the hygroscopic and pyrophoric 
nature of the material the containers were 
opened in a dry-box containing oil-pumped 
nitrogen. The lithium hydride did not come 
into contact with air or moisture at any 
time prior to the inhalation exposures. 

For dispersal into the chamber atmos- 
phere lithium hydride was packed by hy- 

Received for publication July 14, 1956. 

This paper is based on work performed under 
contract with the United States Atomic Energy 
Commission at the University of Rochester 
Atomic Energy Project. 

From the Division of Pharmacology and 
Toxicology, Department of Radiation Biology, 
The University of Rochester School of Medi- 
cine and Dentistry. 

* Lithium Corporation of America, Inc., Minn- 
eapolis, Minn. 


468 


draulic pressure into a Wright Dust Feed 7 
within the dry-box. During exposures the 
dust feed was operated satisfactorily in the 
usual manner except that dry nitrogen was 
used instead of air for picking up the dust. 
Hourly Millipore filter samples analyzed by 
flame spectrophotometry showed that con- 
centrations were maintained at +10% of 
the desired levels. No attempt was made 
to size the particulates of lithium hydride 
and/or lithium hydroxide suspended in the 
atmosphere, but manufacturer’s data indi- 
cate that approximately 45% of the bulk 
material passes through a 200 mesh screen. 

During a series of one-day exposures 
(four to seven hours) a total of 84 rats, 
33 mice, 10 guinea pigs, and 8 rabbits in- 
haled LiH at levels ranging from 5 to 55 
mg/cu. m. For the one-week studies at a 
concentration of about 5 mg/cu. m. 22 rats, 
19 mice, 6 guinea pigs, and 6 rabbits were 
used. Representative animals of all species 
were killed for histologic study immediately 
following exposure; others, at intervals up 
to five months following exposure. 


Results 


All concentrations of lithium hydride or 
the hydrolysis products formed at 50% 
relative humidity (average in the chamber 
air) caused the animals to sneeze and cough. 
The levels above approximately 10 mg/cu. 
m. corroded in certain areas the body fur 
and the skin on the legs. Occasionally 
and irritation of the 
and in a few rats the ex- 


severe inflammation 
eyes were seen, 
ternal nasal septum was destroyed. 

The inhalation of lithium hydride caused 
only few deaths during the exposure period 
or during the minimum follow-up observa- 


+L. Adams, Ltd., London NW 10, England. 
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4CUTE INHALATION TOXICITY OF LITHIUM HYDRIDI 


TABLE 1.—Mortality of Animals Exposed to 


Concentration, Time, 


Me. LiH/ 
Cu. M. 


LiH for One Day 


Mortality Ratio 


Guinea Pigs Rabbits 


TABLE 2.—Mortality of Animals Exposed to LiH for One Week * 


Concentration, 
Me. LiH/ 
Cu. M. 

48 
5.0 


* Approximately 20 hours. 


tion time of two weeks (Tables 1 and 2). 
Some mortalities occurred 7 to 11 days 
following administration of LiH but are be- 
lieved to have been unrelated to the ex- 
posure, since considerably higher concentra- 
tions were not fatal. 

Weight changes were recorded for ani- 
mals exposed to 10, 15, 17, 22, and 36 
mg. LiH/cu. m. In all cases the growth 
curves were normal. 

The only changes observed in experi- 
mental animals were pathologic lesions that 
could be ascribed to the action of a strong 
alkali rather than to any specific action of 
lithium (Table 3). 


of nose and forepaws of rats and mice, and 


There was destruction 


conjunctivitis in rabbits and guinea pigs. 
The microscopic structure of the lesions of 
the nose and paws was quite similar to 


Mortality Ratio 


Rabbits 


Guinea Pigs 


thermal burns. Superficial necrosis of the 
tracheal epithelium of mice killed shortly 
after exposure to high concentrations is 
probably indicative that some of the lithium 
hydride reached the trachea of this species 
in sufficient amount to be corrosive. 

The presence of pulmonary emphysema 
in the one-week mg. 
LiH/cu. m., and 
In the absence of 
there is little reason to 
think that the emphysema is a result of 
direct action of the compound on_ the 
alveoli; it is quite possible that it is secon- 
dary to dyspnea, coughing, and sneezing 
caused by the irritating action of lithium 
hydride on the Chronic 
pneumonitis was present in many of the 
lungs but was similar to that customarily 


experiment at 5 
although 
usually focal, was real. 


inconsistent 


bronchial lesions 


nasal mucosa. 
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| Rats Mice 
Hr. Mx. 
u. M. 
5 | 4 20 | 0/5 eed 
6 6 36 0/5 | 
10 | 1 40 | 1/20 | | i 
15 4 60 0/9 
17 | 5.5 94 0/10 
2 4 ss 2/10 | 
36 7 252 4/10 ; 
46 4 186 0/8 o/s 0/2 | 0/2 
49 4 196 0/8 0/8 | 0/2 | 0/2 
50 4 200 0/4 0/2 
55 ‘ 220) 0/8 0/8 0/2 0/2 
| | Rats | — | Mice | 
| Mg. Hr. | | 
Cu. M. } 
| a o/s 0/2 0/2 | 0/8 
| 100 0/8 0/2 | 0/2 | 0/8 
= 108 1/7 0/2 0/2 3/3 
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TABLE 3.—Early Pathologic Changes * 


Concentration, Time,t Species, No. 


Mg. LiH/ Days 
Cu. M. 


5 5 10 rats Some ulceration of nose and forepaws. Inflammation of guinea 
3 guinea pigs pig and rabbit eyes. Four mice showed partial sloughing of mucosal 
10 mice epithelium of trachea. Some lungs of all species showed emphysema. 
3 rabbits 


2 rabbits Lesions of nose and forepaws. Acute inflammation of eyes with 
mucopurulent exudate. 


2 guinea pigs No external lesions. No histopathology. 
Destructive lesions of nose and forepaws persisting at least 14 days 


after exposure. Trachea of some mice showed superficial sloughing 
of mucosal epithelium. 


* Animals killed immediately following exposure and up to 14 days following exposure. Time of killing was no factor in pathology 
t Average exposure was four hours per day. 
3 No findings in liver, kidney, esophagus, or spleen. 


seen in control animals, and in no case was ‘Mortality among rats, rabbits, guinea 
there any inflammatory or necrotizing lesion pigs, and mice exposed to levels of from 
that could be attributed to the test com- 5 to 55 mg. LiH/cu. m. for one day or 
pound. to 5 mg. LiH/cu. m. for one week was 
Serial killings of animals showed nothing 
noteworthy, and the killing of animals two 
to five months after exposure did not reveal 
any chronic manifestation (Table 4). 


low and probably unrelated to the exposure 
No chronic effects were observed during 

a postexposure period of up to five months. 
There is no evidence that inhaling work- ; 

Summary and Conclusions area atmospheres containing 25y LiH/cu 

Lithium hydride in atmospheric concen- ™: would constitute a toxic hazard. 

trations of from 5 to 55 mg/cu. m. is an 

intensely irritating and corrosive material. REFERENCES 

Its action, however, can be ascribed to the 


1. Spiegl, C. J., and others: Acute Inhala- 
alkalinity of the hydrolysis product and is 


tion Toxicity of Lithium Hydride, Unclassified 
in no way characteristic of the lithium ion Document UR-454, U. S. Atomic Energy Com- 


per se. mission, 1956. 


TABLE 4.—Animals Studied for Chronic Pathology * 


Duration of 
Concentration, Exposure,t Species, No. 


Meg. LiH/ Days 
Cu. M. 


5 : 15 rats, 3 rabbits, 3 guinea pigs - 
6 ‘ 5 rats 
36 8 rats 


50 2 rabbits, 4 guinea pigs 


* No histopathology attributable to LiH was found in the lung, liver, kidney, trachea, or lymph nodes. Killings were at two to 
five months after exposure. 

+t Average daily exposure was four hours. 

1 Exposed for seven hours. 


+ 
Comment: 
ES 
49 
55 1 
a 
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A Review 


Vv. ALEXANDER GORDIEYEFF, Ph.D. 
Army Chemical Center, Md. 


The presence of large amounts of elec 
trical charges in our atmosphere was con 
nected to various physiological phenomena 
in the early days of modern science. The 
best-known evidence of this early interest 
in the influence of electrical phenomena on 
man is in the treatise of the French priest, 
Bertholon, published in 1770 in Lyon, on 
the problem of “Electricity in the Human 
Body in Health and Sickness.’"' Since this 
early date the problem has produced a 
voluminous literature. The older literature, 


stroem * and Bisa,* was dealing with the 


carefully collected and digested by 
hypothesis that a close correlation existed 
and_ the 
electrical changes in the atmosphere. In 
the foreground of interest were the so-called 
“weather symptoms,” like headaches, dizzi 
wound 


between various human ailments 


rheu- 
matic pains, nervousness, and _ irritability 


ness, and scar sensitization, 
preceding or following passage of weather 
fronts. 

The early efforts to correlate electro 
meteorological and clinical data were rather 
futile, and the reported observations were 
contradictory. A new era began with the 
studies of If. Dessauer and his aides work 
ing at the, Institute 


for Investigation of 


Physical Principles of Medicine of the 
lfrankfurt Main) in 
the 1920-1930. 


These investigators subjected the problem 


University of (am 


Germany during years 


Recorded for publication Aug. 20, 1956 
Directorate of Medical Research, Chemical War- 
fare Laboratories 


as roperties of Unipolarly Charged 


to a series of basic physical and clinical 


tests under well-controlled conditions and 


finally brought forth some valid evidence 
that 


might have definite physiological effects *; 


inhaled air-borne electrical charges 
they also showed that the previous estimates 
of the effects were exaggerated. 

The 
later at the 


Dessauer continued 


Frankfurt 


work of was 


Institute in Ger 
many.” It was taken up by Edstroem in 
Sweden * and by Tchijevsky in the Soviet 
Union.+ Little attention was paid to the 
problem in the United States except for the 
pioneering technical work of Yaglou.t 

The study of the physiological and phys- 
ical aspects of air-borne charges was pur- 
sued in Germany during the last war. Von 
Kichborn published in 1949" a summary 


report of progress in this field. He 


was 
followed by Bisa,§ Berghaus,!* Bonelli,™® 
Neubert,'*? Deuser,'® and others. Most of 


the American publications have dealt with 


the purely meteorological physical, 


rather than the physiological, aspects of the 
problem.|! An exception is a recent paper 7! 


reporting on the influence of air-borne 
electric charges upon pH of blood. 

The term “ions” or “air-borne ions” is 
frequently used to indicate the carriers of 
This 


Only in exceptional cases are 


the atmospheric charges. term is a 


misnomer. 
atmospheric ions single-charged molecules 
of gas. In most cases they are large molec- 
ular complexes, very small droplets, or 
tiny solid particles. The number of charges 
* References 2 and 6 : 
/ 


References 7 and 8 


t References 9 to 11. 
§ References 1, 3, 13, and 14 
References 19 and 20. 
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A. 


per particle is not limited to a few electrons 
(as in the case of molecular ions in solu- 
tions), and some atmospheric ions carry 
tens and hundreds of elementary charges. 


Atmospheric Ions 


Approximate Mobility for Single 
Class Diameter, Charged “Ions,” 
Cm./Sec./Volt/Cm. 


Small ions 0.001-0.005 2.0 -1.0 

Medium (Pollock) 0.005-0.015 0.1 -0.01 
ions 

Large (heavy 0.015-0.100 0.01-0.0005 


[Langevin}) ions 


The Table and Figure 1 give a rough classi- 
fication of the atmospheric ions. 
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nitrogen oxides, and different halides, or 
tiny crystals of solid mineral matter. 

The artificially produced ions (electro- 
aerosols) are either tiny crystals of some 
solid material, like magnesium oxide, 
sodium chloride, etc., or fine droplets of 
liquids, especially water or oil. 

These ions range from 0.005, to 1.0p in 
diameter and exceed in this way the size 
range of medium and heavy atmospheric 
ions. Inhalation studies* showed that the 
small ions are quickly absorbed, owing to 
their fast diffusion (Table) in the upper 
respiratory passages. Larger ions penetrate 
more deeply but are not so easily retained 
in the lung passages. Penetration and re- 
tention of ions seem to be at maximum in 


SUBMICROSCOPIC 


ELECTRON MICROSCOPE 
RANGE 


LIGHT MICROSCOPE 


RANGE 


MEDIUM IONS 


HAZE 


FOGS ANO MISTS 


SMALL LARGE 
CONDENSATION NUCLEI WUCLE 


Fig. 1.—Particle class 
and particle diameter of 
- atmospheric ions (accord- 
DRIZZLE RAIN ing to Pfleiderer, H.: 
Present Status of Re- 
search into Bioclimatic 


CLOUDS 


Aerosols, Ztschr. Aero- 


MOLECULES MOLECULAR COMPLEXES TRUE AEROSOLS 


UNSTABLE AEROSOLS ,DUSTS, ETC. 


T_POLLENS sol-Forsch: u. Therap. 
1-2 :696, 1952-1953) 


Gas 


FINE COLLOIDAL | 


| 
COARSE COLLOWAL DISPERSIONS 


T T T T T + 
9.0001 0.001 0.01 oO. 1.0 10.0 100.0 


DIAMETER, MICRON 


Even the tiniest ions are larger than 
single molecules, and they are most probably 
charged molecule groups continuously asso- 
ciating with, and disassociating from, other 
molecules.{ The medium and large ions 
consist of thousands and millions of mole- 
cules. The size of medium and large ions is 
that of condensation nuclei and of superfine 
aerosols. The microscopic and electron- 
microscopic investigations of these ions 
reveal them as tiny droplets of moisture 
stabilized by the presence of minute 
amounts of impurities, like sulfuric acid, 


{ References 19 and 22. 
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the size range of 0.01p—0.02, in diameter. 

The process of formation of an electrical 
charge on various ions has not yet been 
fully clarified. The naturally occurring at- 
mospheric ions may owe their charges to 
many different factors, like cosmic and solar 
radiation, presence of ionizing radioactive. 
particles in updrafts from the earth surface, 
frictional forces due to the atmospheric 
turbulence, etc. Since the heavy ions prevail 
in the atmosphere over large cities and 
other centers of industrial activity, they 
may be the direct products of combustion 


# References 23 and 24. 


SMALL IONS LARGE IONS SUPERLARGE IONS 
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and similar processes on the earth surface. 
The the 
particles has some influence upon the po- 


chemical character of air-borne 
larity of the carried charge; thus, particles 
of metals and basic oxides are usually 
charged negatively, but particles consisting 
of nonmetallic elements, acid anhydrides, or 
droplets of acids have preference for posi- 
tive charges. Ice and snow crystals or rain 
drops carry positive charges. Particles of 
salts do not show any definite trend in their 
choice of the charge sign. It is also thought 
that the molecular clusters on layers of gas 
surrounding charged dust or droplet clouds 
become charged inductively with a sign op 
posite to that of the cloud components. 

If the charge density per particle is very 
low, the 
For particles of high-charge density the 
term hyperballic is used. The sign of the 
charges is responsible for the terms kata- 
ballic and anaballic ions. 


ions are known as aballic ones. 


Since the potential of the earth surface 
is a negative one, the positive ions are 
prevalent in the lower layers of the atmos- 
phere. The concentration of ions in these 
layers is estimated as 500-3000 ions per 
cubic centimeter or air, depending on lo- 
cality, on altitude, and often on the season 
of year and time of day. Atmospheric con- 
ditions have a strong influence upon the 
ion concentrations. 

A very common case of natural aerosol 
electrification is disruption of water or any 
other liquid by violent shearing forces (the 
Lenard effect). This is the case of fine 
sprays over waterfalls, surf, etc.: in the lab- 
oratory special spray generators may be 
used.2® Sprays so formed are usually de- 
scribed by the statement that “positive 
charges are present in water, while the 
surrounding gas negatively 
charged.”"® Actually it is more probable 
that the larger droplets retain positive 
charges, while the very fine mist particles 
26 


becomes 


carry the negative ones.7® Such a charge 
distribution is indicated by an increasing 
negative to positive ion ratio (found by 


Franke *>) as the distance from the spray- 


ing orifice is increased. Such a changing 
ratio is due to lower diffusion speeds and 
faster precipitation of larger droplets (posi- 
tive charge carriers) as compared with those 
of the fine mist particles (negative charge 
carriers ). 

itself 
was explained by the nonhomogeneous dis- 


The disruptive charging process 


tribution of positive and negative charges 
throughout the liquid film (disruption of 
dipoles and ion fields).27 It has been shown 
recently that small. amounts of impurities 
play an important part in electrification of 
liquid sprays.* 

A charged fine liquid mist is easily pro- 
duced in the laboratory by impinging a fine 
stream of liquid under pressure (3-4 atm.) 
from a fine nozzle against a flat metal plate 
located in a small metal container—Tegt- 
meier nozzle (Fig. 2). Fine droplets as 


* References 16 and 28. 


W 


Fig. 2.—Water spray ionizer: W’, water pressure 
line; N, spray nozzle; S, water spray; B, baffles; 
D, drain; P, spray plate; 4, aerosol outlet, and M, 
metal container. 
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delivered from the nozzle escape from the 
container; the larger ones either are shat- 
tered at the impaction plate and transformed 
into a fine mist or are caught by impaction 
and remain in the container.*® 

This method is simple, but electromists 
produced in such a way are not unipolar. 
Various 
have been developed, following the proto- 
type of Barthel and Kuester.’7 These elec- 
trifiers consist primarily of a high-voltage 
D. C. power supply of 5-75 kv. yield’ 
connected to a metallic spraying nozzle. The 


high-voltage aerosol  electrifiers 


nozzle has the form of a sphere to prevent 
formation of ozone and nitrogen oxides. 
The liquid (in most cases, a water solution) 
is supplied to the nozzle from a pressure 
line (2-4 atm.) through an insulator and 
released as spray through fine slits cut along 


Fig. 3—Arrangement for spray electrification : 
N, metal spherical nozzle; M, high-voltage power 
cable; P, high-voltage insulator; H, pole (negative 
or positive) of a D. C. high-voltage power supply ; 
V, water pressure line, and E, nozzle slits. 
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the equatorial line of the sphere (Tig. 3). 
that the spray becomes 
charged by a direct transfer of electric 
charges from the metal to the surface of 
the liquid. 


It was thought 


Sut according to Herbst and 
Phillipp there is little difference between 
the charge densities in sprays produced 
from charged and electrically neutral noz- 
zles. Thus, the charging mechanism may 
be basically the same here as in disruptive 
(the effect). The 
electrical potential on the nozzle helps then 


electrification Lenard 
to remove liquid fragments carrying charges 
of the sign opposite to that of the nozzle, 
improving the unipolarity of the spray. The 
aerosols produced from electrified nozzles 
are very fine. It is assumed that this may 
be due to a changed surface tension of the 
liquid in contact with a high potential. The 
particle size decreases with increasing noz- 
zle potentials; for water sprays produced 
under moderate pressures (2-3 atm.) the 
particle size lies in the range of 1.0n—1.5u 
for charging potentials of the order of 10- 
25 kv. Droplets of 0.1p—0.54 are formed 
if the potential is raised to 30-60 kv. If 
the charging potential is raised to 85-100 
kv., spray particles are so fine that the fog 
becomes completely transparent to light.1? 

Spray charging by the described electro- 
nozzles requires a small current (0.05 to 
2.0 ma.) 


The charge density on dust particles or 
droplets is high. It amounts to 25-50 ele- 
mentary charges per particle of oil smokes 
in the micron range.** Some water sprays 
may carry up to 1000 elementary charges 
per droplet and amount to charge densities 
of 4X 108-2.710'° elementary charges per 
liter of air-aerosol mixtures.** Magnesium 
oxide dusts were produced with charge den- 
sities of 10-20 10® elementary charges per 
liter of inhaled aerosol.* Potentials accumu- 
lated on particles in exhaust fumes from 
fast-flying planes reach many hundred 
thousands volts.+ 

Bipolarly charged atmospheres are fil- 
tered before charge measurement through a 


+ References 19 and 20. 


| 
. 


umipolarly charged screen (or ring) to re 
The 


ratio of positive to negative charges may be 


move charges of the opposite sign. 


established if the screen polarity is reversed 
during filtration. Milliken oil droplet tech 
nique is still essential whenever accurate 
An 


accurate method based on this technique has 


charge measurements are required.** 


been worked out recently by Kraemer and 
Ranz.t Less accurate but faster determina- 
tions can be carried out using various elec- 
trometers and similar instruments developed 
for meteorological studies.§ 

Electrification of dusts is accomplished 
Dessauer and his co 


by different means. 


workers used the following set-up (Fig. 4). 


ViV 
ti HN- A- 
} 
C 
Fig. 4.—Arrangement for electrification of MgO 


dusts (according to Dessauer): C, glass cylinder; 
F, air from compressor; G, air and dust mixture 
to cooler and exposure chambers; L, A. C. power 
supply to the heating element; H, fine platinum 
wire (heating element); 4 =, MgO dust bipolarly 
charged; A MgO dust unipolarly charged; N, 
charged metal screen (dust trap); , D. C. high- 
voltage power supply (8 kv.), and 17, MgO pow 
der cartridge 


A small, tightly packed cartridge of fine 
magnesium oxide powder is surrounded by 
coils of thin platinum wire. This wire is 
electrically heated to 900-1000 C. 
of air passing around the cartridge picks up 


A stream 


loose particles of the oxide. The particles 
carry electrical charges of either sign pro 
duced by the contact with the intense cur- 
rent in the platinum wire. The stream of 
the aerosol is then passed through a metal 
screen or a ring connected to a high-voltage 
DG. 


terminal. Particles charged opposite 


t References 34 and 35, 
§ References 36 and 37. 
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to the sign of the screen are removed from 
the stream by electrodeposition. Particles 
charged with the same sign as the screen 
pass to the cooling system and then to the 
exposure rooms or chambers. 

These dusts acquire charges probably 
through the capacitive effect induced by a 
close contact with electrically charged sur- 
faces. The aerosol particles act here as 
the 


density would depend primarily on the di- 


miniature condensers. Thus, charge 
electric properties of the aerosol material, 
particle size, and charging voltage.** 

Any aerosol can be charged unipolarly 
if a stream of particles from a generator 
passes close to an electrode in an area of 
corona discharge. Oil smokes are charged 
while passing through a corona discharge 
The 


spherical charging electrode may be more 


at a pointed electrode.* use of a 


effective. The charging mechanism is sup- 
posed to be here either gas ionization, fol- 
lowed by ion interception through collision 
with the particles, or straight electron diffu- 
sion, with electrons streaming away from 
the charging surface toward the particles.*® 
Aerosol charging occurs, according to a re- 
cent report, if an electrically neutral fog 
passes through a fibrous filter treated with a 
permanently chargeable substance (an “elec- 
tret. 

Any of the charging procedures cause 
noted that 
his aerosol lost 65% of its original mass by 


large aerosol losses. Sinclair *! 


the electrostatic precipitation. It has been 
claimed, however, that the remaining aerosol 
This 


bility may be due to the repulsive action of 


shows an increased stability.** sta- 


similar charges preventing coagulation. 
Overcharging of an aerosol occurring often 
in many dry dusts may reduce the stability 
of a 
fields 


conducting surfaces. Similarly a nonhomo- 


cloud by setting up strong electric 


causing dust precipitation on any 
polar charging of a dust may increase, 
through the electrostatic attraction, the co- 
and shorten the air-borne 


agulation rate 


lifetime of a cloud. 


References 34 and 35 
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It has been noted that superfine water 
mists existed under conditions of relative 
humidity levels as high as 180¢-200% 
without impairing visibility. Introduction 
of unipolarly charged superfine aerosols 
into a dense but water mist has 
supposedly caused optical disappearance of 
the fog and restored visibility in the humid 
atmosphere.'” 


coarse 


This property of unipolarly charged aero- 
sols can be applied to many techincal proc- 
esses ; to mention just a few possibilities, it 
may be expected that the rate and efficiency 
of drying operations could be greatly im- 
proved if electroaerosols would be included 
in the air stream used in such processes. 

Most solid dusts present in mills, mines, 
and other installations carry static charges 
acquired “naturally” in the process of for- 
mation. Precipitation of such dusts by in- 
termixing them with unipolarly charged 
sprays and mists may be expected. Since 
the “naturally” acquired charges are of 
either sign, electromists of different polari- 
ties may be used alternately to assure a 
better precipitation. 

Different materials acquire static charges 
by frictional electrification in the handling 
processes. Accumulation of static charges 
on textile fibers in the course of different 
spinning and weaving processes applied in 
textile mills is the best-known example. 
Unipolarly charged microaerosols may be 
applied to remove static charges from vari- 
ous chargeable materials, improving process 


efficiency and decreasing explosion haz- 
ards.1? 


Finally electroaerosols may find some use 
in eliminating static charges interfering 
with proper operations of the broadcasting 
studios.!” 

The physiological symptoms following 
inhalation of charged particles were first 
described in detail by Dessauer* and Ed- 
stroem.{ Their most important conclusion 
was that charged aerosols produce some 


definite physiological responses and that the 


{ References 2 and 6. 
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efiect is opposite for negative and positive 
charges. 

ionized aerosol used in 
very fine; consequently 
the mass of the dispersed material was low. 
This fact limited the possibility of phar 
macological action by biologically active 


Particles of the 
these studies were 


impurities present in the basic aerosol ma- 
terial. The materials selected for experi- 
ments of Dessauer, Edstroem, and others 
were pharmacologically inert. The inertness 
was tested by running control aerosols pre- 
pared from the test materials but free from 
electric charges. If the un- 
failed to produce any 


aerosolized 
charged material 
physiological response in subjects exposed 
to it, the material was accepted as a charge 
carrier. The atmosphere inhaled by test 
subjects was free from ozone and nitrogen 
oxides usually accompanying high-voltage 
charging. The psychological factors were 
minimized by withholding as much infor- 
mation as possible from test subjects about 
the nature and course of experiments. 
The most interesting effect of exposure 
to unipolarly charged aerosols * was change 
of blood pressure; here the negative charge 
carriers produced a significant lowering of 
blood (Fig. 5); the positively 
charged aerosols had an opposite effect. The 


pressure 


effect was more pronounced in persons 
suffering from hypertension than in normal 
subjects. According to Dessauer this ef- 
fect and Tchijevsky 


claimed a positive permanent therapeutic 


was long lasting, 
success in cure of hypertension by this 
method*; but Edstroem*® proved that the 
effect was a temporary one. The Dessauer 
group has also claimed significant effects of 
electric charge carriers on respiration and 
pulse frequency, with negative charges caus- 
ing decrease and positive ones producing 
Edstroem # 


showed that the negative charge carriers 


an increase in most cases. 
produced an increase in the rheobase stim- 
ulus and chronaxie, with positive charges 
showing an opposite effect. Accordingly 


the Dessauer group recommended as an- 


# References 2 and 6. 
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AEROSOL CHARGE 
POSITIVE 


Fig. 5—Blood pressure 
changes following inhala- 
tion of electroaerosols 


l (according to Dessauer) 
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other general rule for the electroaerosol 
effect that the negative charge carriers were 
biologically beneficial, while the carriers of 
positive charges were neutral or even detri- 
mental; a prolonged exposure to negative 
ions resulted usually in a feeling of refresh- 
ment, disappearance of tiredness, dizziness, 
neuralgic pains, headaches, etc., while in- 
halation of a positively charged atmosphere 
brought about feeling of oppression, fa- 
tigue, headaches, supersensitivity, and even 
nausea. Experiments on animals and plants 
reported by other investigators indicate 
some parallel effects. Monkeys and mice 
infected with tuberculosis or with induced 
cancer responded well to a treatment with 
negative ions but poorly to the positive 
ones.” Bacteria, fungi, and some plants 
were reported to react well to negative 
carriers,* while their growth was retarded 
by the positive ions. Death of bacteria ex- 
posed to positively charged, otherwise bio- 
logically harmless, aerosols was also re- 
ported.!* 

The Dessauer group claimed also some 
other effects, like changes in the basal 
metabolism, in amount and rate of urinary 


* References 12 and 39. 


secretion, in the alveolar gas tensions, etc. 
The evidence compiled on these aspects is, 
however, not convincing. 

The results and claims of the Dessauer 
group have often been criticized. Lampert 
pointed out ** that Dessauer and Edstroem 
obtained the best response on persons of the 
“nervous” type, while patients of the 
“phlegmatic” type did not react so well. A 
survey of more than 25,000 clinical cases 
carried out by Lampert indicated that there 
may be a definite relationship between the 
type of physical constitution of a patient 
and his response to the electrotreatment. 
Lampert argued that, although the existence 
of the electroaerosol effect cannot be denied, 
the whole effect might be greatly exagger- 
ated. He also suggested that the physio- 
logical effects are not necessarily affected 
by the charge polarity but may depend on 
charge density and concentration. 

Bisa * concluded recently a very extensive 
study of the effects of medicinal electro- 
aerosols and confirmed the fact that physio- 
logical response to these aerosols could not 
be strictly defined on the basis of the entire 
group of human subjects used in his studies. 
If, however, this group was separated into 
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subgroups according to the degree of the 
neurocirculatory susceptibility of the sub- 
jects, a well-defined pattern could be estab- 
lished. Bisa claimed that the physiological 
response was especially strong and consis- 
tent for subgroups of subjects of a high 
degree of neurocirculatory sensitivity. 
Several theories have been advanced to 
explain the nature of the physiological 
changes following inhalation of electroaero- 
sols. Deposition of charged particles in the 
respiratory tract was supposed to change 
permeability and the osmotic equilibria of 
the tissues and hence affect the rate of ex- 
change of respiratory gases.*° It was also 
assumed that the respiratory gases leaving 
the alveolar tissues in the form of minute 
bubbles might carry surface charges; the 
presence of electrical charges in the respira- 
tory system upon inhalation of electroaero 
sols would then interfere with the process 
of formation diffusion of gas 
bubbles through charge repulsion or charge 


and these 
neutralization, depending on the polarity of 
gas bubbles and aerosol particles.’* On the 
other hand, if the charged aerosol comes in 
contact with lung capillaries, the electrolytic 
equilibria in the colloids of blood may be 
changed.?. The reported change of the pH 
of blood upon inhalation of ionized atmos- 
pheres may be the result of disturbance of 
such equilibria.” 

has recently shown that inhalation 
of electroaerosols has a significant effect on 
the nervous system of human subjects as 
measured by the flicker techniques. He as- 
sumes accordingly that the inhaled charges 
coming in contact with nerve cells cause a 
shift in cell polarization. The disturbance 
in cells exposed to direct impact of charged 
particles is transmitted to the center of the 
system, which reacts against this disturbance 
by setting off an opposite wave to compen- 
sate for distortion of the original equili- 
brium in accord with Lenz’ law.t 

The described effects are usually associ- 
ated with the 


presence of charges in the 


References 14 and 3 
t References 41 and 42. 
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inhaled atmosphere. The charge carriers 


are supposed to play a secondary part only 


_by facilitating charge penetration and reten- 


tion in the lung.§ Since ionization results 
almost always in formation of superfine, 
aerosol-like charge carriers, separation of 
two effects is difficult.* Addition of an aero- 
sol carrier to a previously ionized atmos 
phere causes significant biological responses 
Whether this effect is 
due to the change of particle size in the 


according to Bisa. 


carrier or to a physicochemical synergism 
of the aerosol is not known, since no data 
are available on the effect of electrification 
on retention of aerosols. 

A review of the literature dealing with 
the inhalation of electroaerosols shows that 
the majority of later investigators were less 
concerned with the nature of the effect but 
more with its practical possibilities, espe 
cially with its therapeutical applications. 
Thus, inhalation of charged aerosols was 
early and extensively applied in treatment 
of a variety of ailments in a rather indis- 
criminate way. Therapy of hypertension 
and different neuroses, as well as treatment 
of various allergies, rhinitis, asthma, tuber 
culosis, and various ailments of the respira- 
tory system, was tried. The treatment was 
extended to rheumatism and related condi- 
tions with varying success. There have also 
been efforts to use different electroaerosols 
as a preventive treatment against silicosis 
and similar diseases.** 
Use of 


standard therapy in many European, espe- 


electroaerosols has become a 
cially German, hospitals and sanitariums 
for respiratory and pulmonary diseases. 
Some of these institutions have special in- 
built the 
group treatment. The arrangement of such 


halation rooms for purpose of 
an inhalatorium is represented in Figure 6. 
Patients seated in a circle around a huge 
aerosol generator inhale the aerosol atmos- 
phere of the room for a prescribed length 
of time. The aerosols produced in such 
inhalatoria consist of unipolarly electrified 


water droplets. 


In some cases drugs are 


§ References 14 and 24. 


i 

; 
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CHARGED AEROSOLS 


7 


Fig. 6 Inhalation 
high-voltage 
power supply; W, water 
tank and water supply; 
nozzles; B, 
bell; S, electrified 
spray; D, drain; P, in- 
sulated support; L, high- 
voltage line, and A, ven 


tilater 


room: 


N, spray 
glass 


V 


added to the water supplied to the aerosol 
generator. It is expected that the beneficial 
effect of aerosol electrification will be aug 
mented by the presence of a medicament. 
In other cases it is hoped that drug pene 
tration and uptake will be increased if it 
should be administered on an 
carrier; it is 


electrified 
assumed that an aerosol pro- 
duced from a disperser-electrifier has an 
extra fine degree of dispersion and hence 
sufficiently deep lung penetration, while the 
presence of electric charges on aerosol par- 
ticles is supposed to increase particle depo 
sition in the respiratory system. 

Since the Dessauer group reported that 
human subjects responded with a feeling 
of uplift and refreshment to the presence of 
negative electroaerosols, attempts have been 
made to incorporate negative air ionizers or 
aerosolizers in air-conditioning or ventilat 
ing systems used in industrial plants, work 
shops, offices, etc. It has been argued that 
inclusion of electroaerosols of proper char 
acteristics and concentrations would help 
Unfortunately the in- 
formation available on the actual success of 


to combat fatigue.| 


|| References 5 and 9 to 12 


the few attempts in this field is scarce and 
controversial. 

The preceding paragraphs have shown 
that the electroaerosols enjoy a great deal 
of interest. This interest is not limited to 
one field only. Considerable effort has been 
expended to elucidate the properties of elec- 
troaerosols and to apply them to different 
biological, medical, and technical problems. 
In spite of that a careful survey of the 
literature leaves one with the impression 
that the most basic and most fundamental 
questions concerned with the very nature 
of electroaerosols and their modes of action 
The field of elec- 
course, relatively new 


are still to be answered. 


troaerosols is, of 


and, for all the studies dedicated to it, barely 
opened. 


Sut it is also puzzling that, since 
the Dessauer group published its classical 
monograph more than 20 years ago, few 
fundamental studies of the problem have 
been undertaken. It is my strong conviction 
that such studies would pay some handsome 
dividends. 
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the Thxicity of P 


A. SWENSSON, M.D. 
J. GLOMME, M.D. 
G. BLOOM, M.D., Stockholm, Sweden 


In studies of the biologic reaction to 
quartz particles the problem of the relation- 
ship between acute toxicity and the fibro- 
genetic effect has come to the fore. The 
toxicity of particulate silica has received but 
occasional mention in the literature. The 
effect of intravenous injections of particle 
suspensions has been studied by Dale and 
King! who found that the size of the par 
ticles, when between 0.1j and 10y, has no 
appreciable influence on the toxicity. They 
put the lethal dose for the mouse at about 
15 to 30 mg. of quartz per 20 gm. of 
weight with the intravenous injection tech- 
nique used, roughly the same figure being 
obtained for other mineral powders of sim- 
ilar particle size. On the other hand, the 
lethal dose of colloidal and 20 A. U. silica, 
according to King,? was considerably less- 
about 1-2 mg. per 20 gm. of animal weight. 
Klosterkotter * states that 5 mg. of Aerosil, 
an amorphous silica with a particle size of 
to injected intravenously in rats, 
killed the animals within two minutes. In 
the discussion of the mechanism of the 
action Gross* says that it is not the size 
of the actual particles that is the significant 
factor but their capacity for binding plasma 
protein to themselves so that their size is 
greatly increased. This gives rise to the 
formation of thromboses 


in the lungs, for 
instance—the animal dying from anaphy- 
lactic shock. 
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In intratracheal injection by  Kettle’s 
method Jotten and Klosterkétter® found 
that the rats died after an injection of 10 
mg. of Aerosil. 

The view that the toxicity is not in 
fluenced by the size of the particles when 
they are greater that 0.1p to 0.24 did not 
accord with our findings. Moreover, 
Drinker and Hatch ® write, “Practical evi- 
dence supports strongly the general belief 
that, other things being equal, the toxicity 
of all the particles increases inversely with 
the particle size.” 

The present experiments were planned as 
a link in our study of the importance of 
particle size for the reaction of animal 
tissues to silica. 


Material 


In these experiments three types of 
silica were used: Sample A, ground crystal- 
line silica, a-quartz; Sample B, ground 
amorphous silica prepared from Sample A, 
and Sample C, amorphous silica prepared by 
the combustion of silicon tetrachloride and 
Aerosil. 

The particle distribution was determined 
by measurement performed on electron mi- 
crographs. As the irregular particles of 
ground silica have no definite geometric di- 
ameter, we have measured the distance be- 
tween the two extreme points on the particle 
when measured in a horizontal direction, ac- 
cording to Drinker and Hatch.® 

The material from which Samples A and 
3 were prepared contained 99.1% quartz. 
The material was wet-ground with steel 
balls in a ball mill of cast iron. The iron 
dust resulting from the grinding operation 
was eliminated with hydrochloric acid, the 
chlorides of iron so formed being removed 
by dialysis. Each sample was fractionated 
into particles of different sizes by sedi- 


» 
q 
3 
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mentation in water. Three fractions ( ligs. 
1-3) of this crystalline silica were used in 
the experiments—Sample A I, Sample A II, 
and Sample A I11—which had the following 
composition: 


Sample y Average 
A l Particle sizeu <0.08 0.1-0.3 >0.32 0.15 
Percentage 14 
Particle sizeu <0.28 
Percentage 13 
Particle <0.45 
Percentage 17 


Fig. 3.—Ground crystalline silica, Sample A III. 
(Seale line represents ly.) 

The amorphous silica was prepared from 
the crystalline material by fusing in a high- 
frequency furnace to 1750-1800 C. The 
fused silica obtained on cooling gave no 


Fig. 1—Ground crystalline silica, Sample A I. 
(Scale line represents ly.) 


Fig. 4.—Ground fused silica, Sample B_ I. 
(Scale line represents ly.) 


sign of the presence of crystalline silica in 
x-ray diffraction tests (1. e., it contained 
less than 0.1%). Wet-grinding, purifica- 
tion, and sedimentation were performed as 
for the crystalline material. 
Fig. 2—Ground crystalline silica, Sample A IT. 
(Seale pared—Sample B I (Fig. 4), Sample B IT, 
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and Sample B III. It was intended that 
the particle sizes should be the same as for 
the crystalline silica, but on account of at- 
tempts to shorten the long fractionation the 
process was less complete and the distribu- 
tion curves were wide, especially for 
Samples B II and B III. The three samples 
had the following composition: 


Sample 
BI 


Average 
Particle sizeu <0.08 0.1-0.3 >0.32 0.15 
Percentage 20 70 10 
Particle sizee <0.28 0.3-0.5 >0.52 0.30 
Percentage 40-45 50 10 
Particle size <0.45 0.5-1.0 >1.04 0.45 
Percentage 60 35 5 
Two amorphous silica samples, Samples 
C I and C II, prepared by the combustion 
of silicon tetrachloride, were studied. De- 
tails of their preparation and other data 
are given by Flemmert.* The finer of these 
samples, Sample C I, consisted of round 
particles about 0.01 in size and very uni- 
form. The coarser sample, Sample C II 
(Fig. 5), was comprised of round particles 
of between 0.01, and 0.25, with an average 
size of O.1p. 


B Il 


B Ill 


Fig. 5.—Amorphous silica, Sample C II. (Scale 
line represents lp.) 


A study was also made of a fine 
amorphous silica sold under the name 
Aerosil and manufactured by AG Gold- und 
Silber-Werke, Germany. The method of 
preparation is unknown to us. This sample, 
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Sample C III (Vig. 6), had a particle size 
of 0.01 to 0.02n, with an average size of 
0.015. 


Fig. 6—Amorphous silica, Sample C III. (Scale 
line represents ly.) 


Injection Technique 
with mice 
The injection technique 


The experiments 
weighing 25 to 35 gm. 
was that given by Dale and King’; viz., repeated 
injection in the tail vein of a known quantity of 
the suspension at intervals of one minute until 
the animal died or was so seriously affected that 
recovery was considered impossible. The syringe 
was graduated in hundredths of a milliliter. The 
quantity per injection was 0.05 to 0.1 ml. The 
sample was suspended in isotonic saline 


were performed 


Results 


Preliminary tests showed that the ani- 
mals, as a rule, survived somewhat larger 
total quantities if each individual dose was 
small; that is, if the period covered by the 
injections was prolonged. The general pro- 


cedure was to determine the approximate 


lethal dose in the preliminary tests and 
then to adjust the concentration of the par- 
ticle suspension so that the lethal dose could 
be given in three to five injections. The 
lethal dose was not appreciably dependent 
on the concentration, although there was a 
very slight tendency for one to fall with 
the other. 
necessary to use different concentrations for 
different samples. As far as we could judge, 


For practical reasons it was 


| 
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any difference in the total dose that may 
have arisen on this account was too small 
to affect the results appreciably. 

According to Dale and King, it is possi- 
ble to fill the syringe immediately with a 
large amount of the suspension—except for 


Toxicity of Different Particle Sizes of Silica in 


glomerate. The sample was put through the 
finest available sieve immediately prior to 
the preparation of the suspension. 

The results of the experiments on in- 
travenous injection in the mouse are given 
in the Table. It appears that the toxicity 


Various Forms 


Silica Particles 


Toxicity 


Sample Average 


Size, u 


Concentration 
of Suspension, 
Mg./MI1. 


Average 
Lethal Dose, Mg./30 


Animals, 
No. Gm. Weight M+Snu 


Ground crystalline silica 
Al 
All 
A Ill 
Ground fused silica 
BI 
B Ill 
Amorphous silica 
| 
Cll 
ill 


1.10.06 
1.8+0.17 
3.4+0.19 


0.5+0.02 
0.2+0.01 


the coarsest samples—and then to inject the 
doses in succession. In our experiments, 
however, this procedure gave a very wide 
variation in the series, owing in large 
measure, no doubt, to the agglomeration of 
particles that always occurs with the con- 
centrations in question. This results in an 
increased sedimentation that would appear 
to play rather an important part. To study 
this point, a systematic experiment was per- 
formed with Sample A I. The syringe was 
filled with the suspension, and 0.1 ml. 
injected at intervals of one minute, the 
instrument being kept perpendicular. Two 
series were run, one with the tip of the 
syringe upward and the other with the tip 
downward; the lethal doses were, respec- 
tively, >0.9 and 0.4 ml. per 30 gm. of 
animal weight. Owing to the difference be- 
tween the quantities, the syringe was de- 
tached from the socket in the cannula, the 
required amount for one injection then 
being drawn in from the suspension which 
was shaken continuously to keep the par- 
ticles in suspension ; the syringe was refilled 
for each injection. There was a considera- 
ble tendency for these powders to ag- 


fell off with increasing size of the particles. 
This was true for all the types of silica 
studied. The toxicity of amorphous silica 
lower than that of the 
crystalline type. In samples with a particle 
size of O.l» to 0.34 the lethal doses were 
2.10.06 mg. and 1.10.06 mg. per 30 gm. 
of animal weight for the amorphous and 
crystalline silica, respectively. The differ- 
ence is thus statistically significant (P= 
<0.001). The same applies to the coarser 
samples. 


was, moreover, 


For both samples of the amorphous silica 
prepared by combustion of silicon tetra- 
chloride, the lethal dose was 0.2+0.01 mg. 
and 0.50.02 mg. per 30 gm. of mouse 
weight. This difference is also statistically 
significant (P= <0.001). For Aerosil, with 
a particle size almost similar to the finest 
of the samples prepared from silicon tetra- 
chloride, the lethal dose was 0.2 mg. per 
30 gm. of animal weight. 

In preliminary experiments with intra- 
tracheal injection by Kettle’s method, it was 
also found that acute toxicity was dependent 
on the particle size. Such injections of 
Samples C I and C III in rats killed prac- 
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|| 
| 
| 
2 
0.15 5 32 
0.40 10 10 
0.75 10 8 : 
0.15 5 10 2.10.06 
0.30 | 10 10 3-10.22 fe 
0.45 10 8 4.50.39 
0.01 0.5 19 0.2+0.01 
0.1 2.0 18 
0.015 1.0 | 


A. 


tically all the animals when the dose was 
10 mg., although nearly all survived doses 
of 5 mg. Forty milligrams of Sample C II 
gave a mortality of about 70%. 

With intraperitoneal injection of Sample 
C I in rats, all the animals died with a 
dosage of 40 mg.; roughly one-half, with 
20 mg., while 10 mg. was tolerated. Aerosil 
was also tolerated rather well in doses of 
about 10 to 20 mg. but less well in doses 
of 40 mg. 

Summary 

In contrast to the findings of previous 
authors, study of the toxicity of silica 
particles of various sizes showed that with 
intravenous injection in the mouse the 
toxicity fell off with increasing size of the 
particle—in any case, in the range 0.01) 
to 1.0u. The toxicity of amorphous silica 
was considerably less than that of the 
crystalline type of the same particle size. 

In preliminary experiments with intra 
tracheal and intraperitoneal injection of 
particle suspensions in the rat, it was found 
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that the finest silica particles of O.01p to 
0.024 were considerably more toxic than the 
coarser samples. 
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Abstracts from Current Literature 


EpIteD BY W. Davin SMALL 


General 


SELECTION OF MINERS: 


A SuRVEY OF SCHOOL-LEAVERS IN A VALLEY IN SoutH WALEs. I. T. T. 

Hiceins and P. D. OLpHAM, with assistance of A. J. Merrick and M. I. Dunspun, Brit 

J. Prev. & Social Med. 10:32-38 (Jan.) 1956 

Elderly miners in South Wales are shorter and lighter than nonminers. These dif- 
ferences may be due either to selection or to mining environment. To study the problem, 
school-leavers in the Rhondda Fach Valley of South Wales have been examined 
physically and physiologically. They were also x-rayed, and a short mental test was 
given. The boys who were taking up mining were somewhat bigger and more muscular 
than controls. The intelligence of the mining boys was not significantly different from 
other leavers; nor did the x-ray findings show any definite differences. The most pro- 
nounced difference was a matter of extra weight at age 15 for the school-leavers taking 
up mining compared with the others. Nothing definite can be deduced from the data 
gathered, but the boys are to be followed up as far as possible to ascertain whether 
mining environment exerts any effect in later life. 


E. L 


CoLuis 


Occupational Diseases and Hazards 


PoTENTIAL OCCUPATIONAL Factors IN LUNG CANCER 
Cancer Society, pp. 77-118, 1956. 


W. E. Smiru, Proceedings of American 


A historical review of occupational lung cancer occurring in various industries is 
presented, including cancer in the German uranium mines, cancer in the chromate in- 
dustry, cancer as a sequel of asbestosis, and cancer of unexplained causes in the manu- 
facture of isopropyl alcohol. Altogether, occupational tumor hazards apply to relatively 
small groups of men and do not begin to account for the large number of cases that 
have occurred. They indicate, however, that agents from the external environment may 
produce lung cancer and that further study of potentially carcinogenous materials to 
which large populations may be exposed is needed. The following talks were presented 
in the discussions of this paper. 

Chromates. By S. E. Miller. Earlier work on chromates as a source of lung cancer is 
reviewed, especially the investigation made by the Public Health Service from 1948 to 
1953. The manufacturing process is described. Morbidity and mortality data showed 
that approximately four and one-half times as many deaths from lung cancer occurred 


as in the general population. Environmental study showed that cancer occurred entirely 
among those exposed to mists of soluble chromates. No cases followed prolonged ex- 
posure to high concentrations of chromite ore. Research is being carried out in at least 


two institutions attempting to evaluate the carcinogenic properties of chromates. 
Arsenicals: Coal-Tar Derivatives. By W. C. Hueper. Lung cancer from these materials 
is discussed extensively. Part of the conclusion is that no single factor has played a 


predominant role in bringing out the startling increase in lung-cancer frequency, but 
that lung cancer is not a disease but a collection of diseases differing in etiological and 
symptomatic respects. 

Adenocarcinoma in the Lung of Albino Rats Exposed to Compounds of Beryllium. By 
A. J. Vorwald. The experiments of this preliminary report involve a strain of 30 pen- 


bred rats exposed by inhalation or intratracheal injection of beryllium sulfate or oxide. 
Five of these rats developed primary adenocarcinoma, with metastases in two cases. 
These results indicate that (1) at least these 


two beryllium compounds may produce 
experimental pulmonary cancer and (2) primary cancer may be produced in the albino 
rat, thus offering a tool for study concerning pathogenicity and possible therapy. 
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Radioactive Dust. By M. Eisenbud. The occurrence of lung cancer in the Schneeburg- 
Joachimsthal mines first called attention to this possible source. No cases of cancer have 
occurred among the many workers who handled radium, thorium, and uranium in the 
United States prior to the onset of the atomic energy industry, and no cases have so 
far occurred in that industry. The maximum permissible exposure is discussed. Recent 
studies of human autopsy material indicate that the radioactive material found in the 
lungs is lower than would be predicted on the basis of animal experiments. 

Asbestos. By K. M. Lynch. The literature on lung cancer caused by asbestos or as a sequel 
of asbestosis is reviewed. From an analysis of the problem as it stands, it appears that 
the available evidence is not conclusive but that it supports the suspicion sufficiently to 
require continued investigation. 

Inpust. Hye. Dicesr. 
EXBRERIMENTAL INFECTIVE PNEUMOCONIOSIS: II. CoAL-Mine Dust witH ATTENUATED TUBERCLE 
Bacittr (B. C. G.) THE LuNGs or IMMUNISED GurINEA-Pics. S. H. C. V 
Harrison, E. J. Krnc, and D. A. Mircutson, Brit. J. Exper. Path. 36:539-544 (Dec.) 
1955. 

The combined action of coal-mine dust and living tubercle bacilli (B. C. G.) and the 
action of their individual effects have been studied in the lungs of sensitized guinea pigs. 

Coal-mine dust produced no pulmonary fibrosis. B. C. G. alone caused proliferative 
lesions which reached a peak at 60 days, followed by resolution, with no evidence of 
disease after 150 days. 

Coal-mine dust combined with B. C. G. produced proliferative and extensive lesions. 
The peak of the disease was reached at 120-150 days, and then it regressed gradually 
over a period of one year. There was a loose reticulinosis of the lesions and no necrosis 

FroM THE AuTHOoRS’ SUMMARY. 


EXPERIMENTAL INFECTIVE PNEUMOcONIOsIS: CoaL-Mine Dust AND ISONIAZID-RESISTANT 
TUBERCLE BACILLI OF MODERATE VIRULENCE. S. H. Zari, C. V. Harrison, E, J. Kine, 
and D. A. Mrrcutson, Brit. J. Exper. Path. 36:545-552 (Dec.) 1955. 

The combined action of coal-mine dust and tuberculous infection produced by the 
catalase-negative isoniazid-, streptomycin-, and PAS-resistant Strain 3073 of Myco- 
bacterium tuberculosis of moderate virulence and the individual effects of Strain 3073 
and coal-mine dust have been studied by the intratracheal injection of these substances 
in guinea pigs. 

Strain 3073 alone produced fibrocaseous lesions which regressed, leaving small calci- 
fied nodules as the only evidence of previous infection. Coal-mine dust alone produced 
no fibrosis. 

The combined action of bacilli and dust produced extensive tuberculous cavities, 
involving large areas of lung tissue, and killed the guinea pigs. 

FrRoM THE AuTHOoRS’ SUMMARY. 

EXP§RIMENTAL INFECTIVE PNEUMOCONIOsIS: IV. MASSIVE PULMONARY FIBROSIS PRODUCED BY 
Coat-Mine Dust AND IsONIAzID-RESISTANT TUBERCLE BACILLI oF Low VIRULENCE 
S. H. Zam1, C. V. Harrison, E. J. Kine, and D. A. Mircutson, Brit. J. Exper. Path 
36 :553-559 (Dec.) 1955. 

The effects of intratracheal injection of coal-mine dust, a catalase-negative isoniazid- 
resistant strain of tubercle bacilli of low virulence, and a combination of dust and bacilli 
were studied in the lungs of guinea pigs. The bacilli alone produced lesions which 
tended to disappear after 90 days, and the only evidences of tuberculosis at 300 days 
were a few calcified nodules in some of the lungs. Coal-mine dust produced no pul- 
monary fibrosis. 

The combined action of coal-mine dust and bacilli produced massive pulmonary 
fibrosis. In its early stages the fibrosis was composed mainly of thick reticulin fibers 
and collagen, but over a longer period more collagen was laid down. 

Serial cultures of the lungs injected with coal-mine dust and bacilli yielded growth 
of tubercle bacilli up to, but not beyond, 120 days. The largest number of organisms 
was found at 30 days. In animals infected with bacilli alone, no growth could be 
obtained from the lung cultures, except from the guinea pig killed one day after the 
intratracheal injection. 


FroM THE AUTHORS’ SUMMARY. 
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ABSTRACTS FROM CURRENT LITERATURE 


TREATMENT OF Contact Dermatitis Due to Hanpiinc Antipiotics. R. M. Morrts-Owen, 

Brit. M. J. 1:654-657 (March 24) 1956. 

The widespread use of penicillin and streptomycin has created a new occupational 
hazard for physicians and nurses. While most can handle these substances without 
difficulty, a few develop allergic reaction to skin contact with them and may thereby 
suffer considerable disability. A number of workers have treated such cases by “de- 
sensitization,” using the classical method of injecting steadily rising doses of the 
specific sensitizing agent, but this paper describes a method of treatment in which 
injections of the specific agent are used on a different principle. Five case histories 
are recorded which in varying settings show (1) that a minute tolerated subcutaneous 
dose of either penicillin or streptomycin is able for a limited period to suppress specific 
allergic reaction to skin contact in handling that particular antibiotic, (2) that continual 
suppression of reaction may be secured by maintained daily treatment with such doses 
to cover an allergic subject’s regular handling of either antibiotic, and (3) that after 
weeks or months of handling on this cover regimen the subject is usually found to have 
acquired a relatively lasting spontaneous tolerance of handling contacts. The manage- 
ment and use of this “cover treatment” are reviewed and compared with those of the 
more familiar program of “desensitization.” 


Hazet Mipwoop, Boston 


MAss TRICHLORETHYLENE INTOXICATION MASKED AS ISOAMYL ALCOHOL INTOXICATION. 
R. Straus, A. WiLkinson, M. Wurm, and B. D. Harrotp, Indust. Med. 25:151-154 
(April) 1956. 

A serious accident in a manufacturing plant resulted in the poisoning of 112 per- 
sons. The initially suspected isoamyl alcohol intoxication was systematically excluded 
as the toxic agent. Demonstration of bradycardia and the lowered serum cholinesterase 
values excluded the possibility of mass hysteria and pointed to the presence of some 
organic toxic agent. 


The poisoning most probably was the result of trichloroethylene intoxication. This 
was confirmed by animal toxicity experiments. Fire-department personnel revealed that 
plant alteration, intended as improvement, actually operated as a health hazard. The 
intoxication was the result of reintroduction into the employee working area of the 
vented vapors from the trichloroethylene tank through the newly installed air condition- 
ing system. The weather conditions on the day of the accident were peculiarly favor- 
able for it. 


Hazet Mipwoop, Boston. 


Some Aspects oF OccupATIONAL DerMatoses. J. V. Kiauper, J. A. M.A. 160:442-448 (Feb. 

11) 1956. 

This article discusses many aspects of occupational dermatoses—pitfalls in diagnosis, 
patch tests, prognosis, period of disability, and period of recovery. Of 5483 patients, 
the author regarded the diseases of 43.8% as occupational in origin. Primary irritants 
were the most frequent causal agents, 27.7% of the cases being caused by the use of 
such irritants as a solvent as an anticorrosion oil. The next most frequent cause 
(32.1%) was the direct or indirect result of accident. The third cause (15.2%) was use 
of sensitization substances causing allergic dermatitis. These were found in the manu- 
facturing of plastics, rubber, dyes, and insecticides as well as in industries in which 
compounds of chromium and nickel are used. 


Patch tests, their use and misuse, are discussed. The author claims that in his ex- 


perience they have been of limited value in diagnosis of occupational dermatoses. Of 
240 patients with occupational dermatoses, none had total permanent disability. Time 
lost varied from none to three to four months for three patients. Many had their work 
changed, which helped to shorten recovery time. 


Hazet Mipwoop, Boston. 


News and Comment 
ANNOUNCEMENTS 
. Course Offered in Air Pollution Problems.—An intensive, two-week course on “Air 
Pollution” designed for physicians, industrial hygienists, and engineers concerned wit! 
the problem of community air pollution will be given by the New York University Post 
Graduate Medical School from Nov. 26 through Dec. 7, 1956. 

The course will review the basic toxicology of the principal air pollutants, micro 
meteorological factors, the effects of air pollution on agriculture and commerce, and 
methods for sampling and analyzing the various toxic components. Also described will 

be the sources of air pollution, including power and steam generation, domestic heating, 


incineration, internal combustion engines, and the chemical industries. Methods of control 
and the pattern of governmental regulations will be studied. 


Tuition for the course, which is to be given in cooperation with the New York 
University College of Engineering, is $75. 

For further information write to The Dean, N.Y. U. Post-Graduate Medical School, 
550 First Avenue, New York 16. 

Nicold Castellino Fund Offers an International Prize in Industrial Medicine.— The 
Nicolo Castellino Fund promotes an international competition for the award of a prize 


] amounting to 1,000,000 lire to the author of an original work in industrial medicine 
Regulations for entry into this competition, according to Prof. Ernesto Pontieri, Rector 

: of Naples University, are as follows: 

| 1. The competition is for an original unpublished study on a subject, chosen freely 

by the candidate, of a strictly scientific research character. 

2. Entries will be accepted from all students of industrial medicine (including foreign 
students) who at the date of announcement of the competition (May 30, 1956) were not 
more than 35 years of age and who at that date did not hold an official chair at either an 
Italian university or abroad. Several associated candidates may collaborate on one work 
lf in the opinion of the Judging Committee any entries appear to be worthy of special 
commendation, the Fund may at its discretion refund the expenses of those contestants 
who have not been awarded the prize. 

3. Entries must be received by registered post at the Fund's Secretariat not later than 
March 31, 1957. The address is Napoli Policlinico, c/o Istituto di Medicina del Lavoro, 
Napoli Universita, Piazza Miraglia, Naples, Italy. The name signed to the entry must be 
a nom de plume; this nom de plume must also appear on the outside of a sealed envelope, 
enclosed in the registered envelope, within which the author’s real name will be found 
Furthermore, the author must add his (or her) declaration that the entry is an original 
unpublished work not previously entered or awarded a prize in other competitions 
Each entry must be submitted in the form of seven typewritten copies. One copy will be 
kept at the end of the competition by the Fund’s Secretariat; the remaining copies will 
be returned to the candidate on request. 

4. The five members of the Judging Committee will award the prize, by absolute 
majority, on the occasion of the 12th International Congress of Industrial Medicine to 
be held in Helsinki, Finland, in July, 1957. The Committee’s decisions are final. 

5. The Fund reserves the right to publish, either separately or in one volume, the 
work awarded the prize and any other works commended by the Judging Committee 
Since the published work will be brought out under the auspices of the Fund, the author 
must forfeit his rights in it. To this end candidates must submit a written statement, 
which must reach the Judging Committee before it announces its decision, renouncing in 
favor of the Fund any rights derived from the publication, utilization, or diffusion of the 
work in Italy or abroad. 
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Industrial Ventilation: A Manual of Recommended Practice. [}y the American Con- 
ference of Governmental Industrial Hygienists. Price, $4.00. Pp. 197, with 123 illustra 


tions. 1956. 


This is the fourth edition of the very useful manual prepared by the Committee or 
Industrial Ventilation, American Conference of Governmental Hygienists. Copies are available 
through the Committee on Industrial Ventilation, Post Oftice Box 453, Lansing, Mich. 

This latest edition will continue to be as useful as its predecessors. No additional chapters 
have been added, but revisions have been made in the definitions 

In Section II, page 3, a section entitled “Dilution Ventilation for Fire and Explosion” has 
been added. 

In Section IV, some revision has been made on page 1, in which the reviewer is not i 
agreement. A form of the original Dalla Valle equation incorporating the side ratio for ree 
bO 


to the fact that when the ratio of sides has reached a value of 0.1 it is no longer rectangular 


tangular opening is given a value of b in the equation \ No consideration ts given 


but a slot in which the velocity varies inversely with the distance. Substitution of b values 
given still implies that velocity varies inversely with the square of the distance. This is unfortu- 
nate, since for side ratios as small as 0.2 departure from the square function is significant 
and becomes greater as the hood approaches a line source of suction 

This revision has not added improvement in handling these equations and will result in some 
confusion. A revision of the statement regarding radioactive laboratory hoods has been made 

The high-velocity curtain-type push-pull hood, Figure 22 of the previous edition, has been 
removed 

VS-25 now has a corrected entry loss equation 


The section on duct design procedure in this new edition is revised, and a better comparison 
of balancing with and without blast gates is given. The sample problem has been changed and 
includes a picture of pressure changes in an exhaust system not presented previously. A 
balanced system design is shown in much better detail 

New figures are added on fixed dampers and hood designs of an improved nature 


In the section “Testing of Ventilation Systems,” a new table has been added for pitot 
traversing, and the type S special pitot tube is again reproduced without any scale to indicate 
its proportions. Since such tubes are highly dependent on their calibration factor, such a figure 
should not be presented without dimensions, as the device can hardly be used without a cali- 


bration factor for its specific dimensions and locations. 

Figure 11-14 has been added, giving a list of applications of collector units (after Kane) 
Data in this table are useful for estimates on applications but do not give inexperienced users 
any method of predicting the correct choice. 

A new table on fabricated plastics is added to the appendices which gives the physical 
properties and their applications. This should be very useful in view of the increased use of 


plastic materials for duct work in the acid, plating, and metal fivishing industries 


Leste SILVERMAN 
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OKLAHOMA’S WORKSHOP IN 
INDUSTRIAL NURSING 


In keeping with its new curriculum in 
occupational medicine, the University of 
Oklahoma School of Medicine, its School 
of Nursing, and the Industrial Section of 
the Oklahoma State Nurses Association co- 
sponsored the Third Annual Industrial 
Nursing Workshop held at the Medical 
Center in Oklahoma City, May 25th and 
26th (Fig. 1). Aided by several industrial 
sponsors,* the Workshop brought together 
occupational health nurses from Oklahoma, 
Texas, and New Mexico to learn of new 


developments and to exchange ideas on ex- 
isting problems. 

Mrs. Edith Wirick, President of the 
Oklahoma State Nurses Association, wel- 


Fig. 1.—Representatives of the sponsors of 
Oklahoma’s Workshop in Industrial Nursing are, 
left to right, Miss Ada Hawkins, R.N., Director, 
School of Nursing, University of Oklahoma; Dr. 
Mark R. Everett, Dean, University of Oklahoma 
School of Medicine, and Mrs. Wanda Jones, 
chairman, Industrial Section, Oklahoma State 
Nurses Association. 


*Armour and Company, Phillips Petroleum 
Company, G. H. Packwood Manufacturing Com- 
pany, Oklahoma Publishing Company, and Carter 
Oil Company. 
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comed the group to the two-day educational 
program and stressed the need for the nurse 
to be skilled in many areas since she treats 
the whole patient. Employing knowledge 
from the behavioral sciences, she must join 
this to the biologic lore she possesses to do 
effective nursing. 

Representing the American Nurses Asso- 
ciation, Miss Katharine A. Lembright em- 
phasized the fact that the nurse in industry 
is a professional person and pointed up the 
necessity for greater information, activity, 
and effectiveness on the part of the nurse 
in political, social, and group endeavors. 
The demands on nursing have multiplied 
and broadened in scope in keeping with 
today’s technologic change, and tire nurse 
must make her constructive contribution to 
the social forces rising with the growth of 
contemporary science and industry. The 
nurse, through active membership in a pro- 
fession, simultaneously can gain satisfaction 
in her work and aid in the improvement of 
human relations. 


Dermatoses 


The prevalence of occupational dermatitis 
can be diminished according to Dr. Donald 
J. Birmingham, Medical Director and Chief 
Dermatologist of the Occupational Health 
Program, Public Health Service, U. S. De- 
partment of Health, Education, and Wel- 
fare. If environmental control of the der- 
matitis-causing agents is not possible, said 
Dr. Birmingham, personal eleanliness is the 
second most important method. Intelligently 
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used protective clothing, industrial skin 
cleansers, and barrier creams will reduce 
the likelihood of a job-caused skin irritation. 


Industrial Relations and 
Industrial Nursing 


In response to a request for an open 
forum on the relation of functions in in- 
dustrial relations and industrial nursing to 
each other, a panel of experts from some 
of Oklahoma’s largest industries was as- 
sembled to answer questions and discuss 
mutual problems. Mr. S. J. Ogilvie, Indus- 
trial Relations Manager for the Douglas 
Aircraft Company, in Tulsa; Mr. Creed 
B. Batson, until recently Industrial Rela- 
tions Director for the Spartan Aircraft 
Company, of Tulsa, and currently Assistant 
Vice-President in one of its subsidiaries; 
Mr. ©. C. Brown, Assistant Secretary and 
Director of Public Relations of the Okla- 
homa Publishing Company, of Oklahoma 
City; Mr. J. Paul Symons, Supervisor of 
Personnel, Sylvania Electric Products, Inc., 
of Shawnee, Okla., and Mr. Edmund J. 
McGarrell Jr., Plant Supervisor of Per- 
sonnel for the Corning Glass Works, in 
Muskogee, made up the discussion group. 
Dr. Jean S. Felton was moderator. 

Many areas were explored wherein each 
group could support the other in effecting 
a better program in employee relations. 
There are numerous contact points where 
through mutual assistance absenteeism can 
be lowered, injuries reduced in frequency, 
and morale elevated. The panel members 
strongly supported good industrial nursing 
and believed that the nurse’s contribution is 
of tremendous significance, particularly in 
those plants with only part-time medical 
coverage. 


Mental Health 


Dr. Harry Levinson, Director of the Di- 
vision of Industrial Mental Health of the 
Menninger Foundation, in Topeka, offered 
a three-phase method that the nurse could 
use for dealing with “Emotional Problems 
on the Job.” These phases are recognition, 


reassurance, and referral and define the psy- 
chologic role of the nurse as a supportive 
and helpful figure in resolving difficulties in 
intra- and inter-personal relations. 

In recognition of the upset person many 
personality types will be encountered, and 
Dr. Levinson delineated these as _ the 
somatic, hypophrenic, isolation, schizoid, 
cycloid, neurotic (with subvarieties of the 
obsessive, the compulsive, the hysterical, and 
the hypochondriac), and antisocial. Three 
major signs of emotional disturbance are 
disruptive anxiety, exaggeration of the char- 
acteristic personality traits, and_ radical 
change in personality traits. Listening to 
the worried employee implies more than 
tolerating the individual—it means respect 
for him as a person and an expression of 
willingness to help. No blame, criticism, 
pity, or ready-made decisions are offered. 
The worker’s problems cannot be depre- 
cated, and impatience must not be shown by 
the listener. Referral to one or more com- 
munity resources is the final step taken by 
the nurse in working through a problem 
presented by an employee. 


Problem Clinic 


At each annual Workshop, for an hour 
and a half, a knowing group is asked to sit 
before the audience to offer answers or 
opinions raised by those in attendance. This 
permits the introduction of a wide assort- 
ment of topics, and, as the items are sub- 
mitted in writing, the feelings of many are 
allowed to surface, so that real problems in 
nursing can be aired. 

Those who represented the segments of 
the occupational health team were Miss 
Lembright, for nursing; Mr. William C. 
Galegar, Occupational and Radiological 
Health Engineer, Oklahoma State Depart- 
ment of Health, for industrial hygiene ; Dr. 
Robert R. Dugan, Assistant: Medical Direc- 
tor, Continental Oil Company, Ponce City, 
for industrial medicine, and Mr. William 
H. Ray, physicist with the Public Health 
Service, U. S. Department of Health, Edu- 
cation, and Welfare, for health physics. 
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Because of the broadening in use of 
radioactive materials, Mr. Ray was asked 
to review some of the characteristics of 
ionizing radiation. He described some of 
today’s industrial uses of these energies, 
emphasizing the health hazards associated 
with their entry as work materials. Persons 
in occupational health must be trained in 
the principles of radiation protection, he 
said. 

In a film some of the military utilizations 
of atomic-powered weapons were seen. 

Some industries believe that the industrial 
nurse’s functions should not be too limiting, 
the audience was informed by Mrs. Ina 
Joubert, Health Director of the Southern 
Minerals Corporation, in Corpus Christi, 
Texas. She described a joint employer- 
employee major medical insurance program. 
The nursing services offered under the pro- 
gram include immunizations, participation 
in community health activities, off-the-job 
accident prevention program, home visits, 
visits to field operations, and family coun- 
seling. Mrs. Joubert summarized her pre- 
sentation by asking for this duality in all 
nurses—a deep sense of service to one’s 
fellow man and humility in giving this 


service. 


The Physically Handicapped 
Woman at Work 


Outstandingly appealing was a foursome 
of young women, all employed in profes- 
sional or high-level business positions and 
all with more than moderate physical limita- 
tions (Fig. 2). To show that a restriction 
does not precludé work and that the so- 
termed physically handicapped often do not 
consider themselves so were the objectives 
of this portion of the Workshop. In addi 
tion, the panel emphasized the contributions 
made by the physically handicapped person. 

Miss Marie 
for the Oklahoma Goodwill Industries, Inc., 


Brooks, Personnel Director 


had poliomyelitis at the age of 2 years and 
since has used braces and crutches for walk- 
ing. 
forearms, Miss Dolores McGraw is head 


3orn without hands and_ shortened 
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Fig. 2. 
“The Physically Handicapped Woman at Work.” 
The panel members, left to right, are: Miss Mary 
Payton, Research Associate at the University of 
Oklahoma School of Medicine; Miss Betty Mildon, 


Shown above is the Workshop panel on 


Child Welfare Worker at the Oklahoma State 
Department of Public Welfare; Miss Dolores 
McGraw, head bookkeeper at the Oklahoma Good- 
will Industries, and Miss Marie Brooks, Personnel 
Director at the Oklahoma Goodwill Industries. 
bookkeeper for the same organization. The 
disability in the case of Miss Betty Mildon, 
social worker with the Oklahoma Depart- 
ment of Public Welfare, is a severe impair- 
ment of vision from congenital cataracts, 
associated with a congenital nystagmus. 
The fourth on the panel” was Miss Mary 
Payton, a Research Associate in Occupa- 
tional Medicine at the University of Okla- 
homa School of Medicine; a paraplegic 
since birth, she is confined to a wheel chair. 
In an informal interview with Dr. Felton 
the group related some of their job experi- 
ences, employer reactions, and some of their 
own feelings regarding their limitations. Of 
interest were their comments regarding the 
ever-present “Helpful Henry” who wishes 
to assist but invariably is in the way, or 
definitely jeopardizes the safety, of the per- 
son walking on crutches or of the 
perfectly 
things for 


one 
accustomed — to 
New insights were 
gained by the audience on learning of the 


accomplishing 
herself. 


self-sufficiency of this group. 


Current Developments 


ach year Miss Jane M. Weaver, Divi- 
Industrial 
Mutual 
Dallas, brings the Workshop up to date on 


sion Health Consultant of the 


Liberty Insurance Company, in 
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developments of the past year. She reviewed 
some of the current thinking on the prob 
lems of noise, executive health, insurance 
programs, and new additions to the litera 
ture in the field of occupational health. 

This kind of annual summary, given by 
the same person to the same group, is of 
immeasurable value. 


Preventive Medical Phase of 
Industrial Nursing 


Dr. Thomas H. Haight, Assistant Profes- 
sor of Medicine, and of Preventive Medi 
cine and Public Health, 
Oklahoma School of 
the three major areas wherein significant 


University of 
Medicine, described 
improvements in the health of industrial 
workers could be made by the nurse in fields 
of education, prophylaxis, and therapy. The 
nurse at the work site can maintain effective 


educational programs, should supervise or 
execute a good immunization or antibiotic 
prophylaxis program, and can bring an 
employee to carly and more effective 
therapy. 
Through immunizing injections good 
preventive medicine can be carried out at 
the plant, and with a knowledge of some 
of the common gastrointestinal and respira- 
tory infections, a wiser program in guid- 
ance of the patient can be offered. 
Each the Workshop 
chaired by a member of the OSNA Indus- 
trial Section, including Mrs. Wanda Jones, 
Mrs. Grace Rey- 
nolds, Sylvania Electric Products, Inc. ; 
Mrs. Nellie Harrison, Health Service, Uni- 
versity of Oklahoma Medical Center, and 


Mrs. Monk, 


Company. Proceedings will be published 


session of was 


Corning Glass Works; 


Marjorie Spartan Aircraft 


and will be available for purchase. 


OCCUPATIONAL HEALTH IN 


BALTIMORE 


An Anglo-American Commentary 


This article is adapted from a paper pre- 
sented carly this year af the 63d Congress of 
the Royal Society of Health, held at Blackpool, 
England. It was written jointly by Dr. Hunt- 
ington Williams, Commissioner of Health, Bal- 
timore, Md., and Str Allen Daley, M.D., 
formerly Medical Officer of Health, London 
County Council, also formerly Associate Health 
Officer of Baltimore. Of special interest are 
the points on occupational health which the two 
physicians felt should be emphasized before the 
Royal Soctety. 


An untilled field which is most important 
in its preventive aspects is industrial hy- 
giene. In many American State health de 
partments and in a number of the larger 
city health departments, a fair amount of 
inspection, abatement, and control service 
is done in protecting the health of industrial 
workers, but not nearly as much as could 


and should be done. In Baltimore, a city ot 
966,000 persons, there is a lively program 
that has been built up over more than 30 
years into a Bureau of Industrial Hygiene 
This staff of 15 
is made up of a highly qualified physician, 
Dr. R. R. Sayers, formerly chief of the 
Occupational Health Program of the U. S. 
Department of Health, Education, and Wel- 
fare; three chemical engineers; an expert 


with a specialized staff. 


laboratory chemist; seven special inspectors; 
a public health nurse, and two stenograph- 
ers. 
The 
in the 1920’s was called on to investigate 
complaints and occasional known cases of 
occupational disease. In 1925 the city passed 


3altimore City Health Department 


a strong gas-appliance ordinance and placed 
responsibility for its enforcement in the 
Health Department, since there had been 
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many deaths from faulty gas equipment and 
tubing. The State law later made it manda- 
tory for physicians to report all cases of 
occupational disease to their local health 
department, which was directed to study 
the causes of death or illness and to adopt 
regulations for their prevention. 

At first plant management was skeptical 
of visits from the Health Department, but 
little by little confidence has been estab- 
lished, and real service is being rendered on 
a consultation basis. The medical profession 
in Baltimore has aided this spirit of team- 
work, and local industrial leaders of top 
rank expect the local health authority to 
concern itself with protective and preventive 
guidance in the field of industrial hygiene. 

In their industrial associations, manage- 
ment groups have established special health 
committees for promoting good industrial 
health and for cooperation with the Health 
Department. The Commissioner of Health 
and members of his staff serve on these 
committees in an ex officio capacity. 

In a recent year 65 technical studies were 
made of toxic materials used in Baltimore 
industries. Seven are selected here as char- 
acteristic : 

1. A study of a defective stack on an annealing 


furnace, which was responsible for three nonfatal 
cases of carbon monoxide poisoning. 

2. Two studies of polystyrene vapors, using the 
ultraviolet light mercury vapor detector as a field 
instrument with excellent results. The mercury 
vapor detector was adapted by the Department’s 
laboratory and was calibrated for determination of 
styrene vapors. 


3. An investigation of two hospitalized cases of 
manganese poisoning, followed by a study in the 
plant where the dust was being reduced, showed 
a concentration 
limit. 


above the maximum allowable 

4. A study of lead poisoning among workers 
engaged in scrapping old ships coated with lead 
paint resulted in provision of airline respirators 
as an effective control measure. 

5. A study of two dangerous and closely related 
insecticides two plants. One 
employee showing symptoms of poisoning was given 
prompt 


was conducted in 
and effective treatment. 

6. A dust study conducted in a stainless steel 
foundry, which showed that refractory bricks used 
in the foundry were nearly devoid of free silica. 

7. Audiometric testing of workers in a plant, 
with plans to carry on similar programs in two 
other plants. 

Among the occupational diseases reported 
to the Baltimore City Health Department in 
1954 different 
causes, tenosynovitis, asbestosis, carbon tet- 
rachloride 


were dermatitis from 17 


poisoning, chlorine poisoning, 
chrome ulceration, chrome carcinoma, lead 
poisoning, manganese intoxication, pneumo- 
coniosis, and silicosis. 

In that year 1228 industrial plants were 
serviced by the City Health Department, 
with 81 requests coming from management 
or labor. 

The largest single source of requests for 
reviews, inspections, or other services came 
as a result of agreement with the city build- 
ing engineer, who refers all applications and 
plans for new or altered industrial buildings 
to the Health Department for study. 

Control equipment is then built into a new 
or a remodeled structure where it is needed, 
and occupational disease is prevented. 


EMPLOYEE HEALTH BENEFIT 


PLANS—II. 


Administrative Arrangements for Health Benefit Plans 


Last month this section printed the first part 
of am article on the history and development 
of employee health benefit programs. The ar- 
ticle was written by Dr. Louis S. Reed, Re- 
search Director for 10 months in 1955 and 1956 
for the Senate Subcommittee on Welfare and 


496 


Pension Funds. In this concluding section Dr. 
Reed discusses administrative arrangements for 
health benefit plans, some of the unsolved prob- 
lems of health plans, and what such plans mean 


in terms of over-all health of the labor force. 
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Along with other types of employee bene 
fit programs, health benefits are made avail- 
able to employees through one of four main 
types of administrative arrangements. These 
are as follows: (a) single employer-em 
ployer (b) 


employer, jointly (employer-union) admin- 


administered plan; single 


istered fund; (c) multi-employer, jointly 
(employer-union) managed fund, and (d) 
wholly union-administered fund, 

It is 92% of all 
workers covered under various health bene 


estimated that about 
fits are covered under employer-adminis- 
tered plans.' These are plans in which the 
employer, under or outside a union agree 
ment, makes a certain program of group 
health insurance or health benefits available 
to his employees, either paying the whole 
cost or the remaining portion of the cost 
over and above specified contributions paid 
by the employees. Where there is a union, 
the program of benefits, the division of cost, 
and the general type of carrier (Blue Cross 
Blue Shield, commercial insurance, an in- 
dependent plan, or self-insurance) are all 
jointly agreed upon, so that even in so- 
called plans the 
union has in determining the 
nature of the program. 


The remaining 8% of the workers eligible 


employer-administered 
some say 


for health benefits are covered under jointly 


managed or union-administered welfare 
funds. Of these employees, the vast ma- 
jority—over 90%—are covered under joint- 


ly managed funds. Such funds must be set 


up in accordance with certain requirements 
in the Labor-Management Relations Act of 
1947 (the Taft-Hartley Act). They must 
be managed by 


trustees representing in 
equal numbers labor and management, with 
an arrangement for tie-breaking in case of 
a deadlock; there must be a written agree- 
ment stipulating the basis of the employer's 
contribution ; there must be an annual audit 
of the fund’s finances, with a statement of 
such audit available at the fund’s 
headquarters; and there must be a separa- 


made 


tion of monies for pension and for welfare 


benefits. 


Typically, jointly managed welfare tunds 
result from an area- or region-wide agree- 
ment between a union and all the employers 
employing members of that union in the 
area. This agreement provides for contri- 
butions by each employer, generally on the 
basis of so many cents per employee hour 
worked or a specified per cent of his pay- 
roll. 
the fund trustees agree upon a program of 


Once the fund has been established, 


benefits which are generally provided 
through the purchase of insurance or pre- 
payment, or less commonly through self- 
insurance. Nationally welfare funds are 
predominant in the clothing industries, vari- 
ous service industries, the building trades, 
and coal mining. The largest single fund 
is the nation-wide Welfare and Retirement 
Fund of the United Mine Workers of 
America, which ts financed by a royalty of 


40 cents per ton of coal mined. 


Some Unsettled Issues in Health 
Benefit Plans 


As regards the nature and fundamental 
objectives of health benefit programs, there 
Up until a 
few years ago most programs consisted of 


is great diversity of opinion. 


hospitalization and surgical benefits, with 
some programs covering in addition the 
cost of physician services in the hospital. 
There had been a small sale by the insur- 
ance companies of policies which also cov- 
ered physicians’ home-and-office calls, such 
coverage usually being limited to the em- 
ployee and generally excluding the first two 
calls in each separate illness. Most hospital- 
ization plans provide hospital care or pay- 
ments against the cost thereof for a limited 
number of days, typically 21, 31, 60, or 70. 
The rare case which required hospitaliza- 
tion beyond these limits had no further 
protection. 

Within the last few years there has been 
considerable sale by insurance companies 
of what is known as major medical expense 
policies. One type of these policies supple- 
ments the so-called basic hospital and sur- 
gical insurance and covers, say, 75% or 
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80% of all needed expense in any illness 
over and above that not covered by the 
basic policy, after a “deductible” of a 
specified amount that the employee must 
bear himself. More recently there has been 
a growth of one-package major or compre- 
hensive medical expense policies under 
which the policy meets, say, 75% of the 
cost of health services required in any ill- 
ness over and above an initial deductible 
amount of, say, $50 or $100.* 

The growth of these latter type policies 
indicates awareness of the fact that an em- 
ployee can accumulate burdensome medical 
costs for medical and nursing services and 
drugs outside of the hospital. They also 
indicate an awareness that medical insurance 
should give protection to the extraordinary 
case which requires prolonged hospitaliza- 
tion as well as to the normal or typical 
hospital case. 

There is a school of thought which holds 
that, while insurance for the heavy or catas- 
trophic costs is necessary, medical insurance 
should also cover physician service in the 
office and home—that such coverage is nec- 
essary to prevent illness, to encourage re- 
ceipt of service in the early stages of 
illness, and to prevent unnecessary utiliza- 
tion of hospital care. Labor unions are 
showing increased interest in comprehen- 
sive coverage of physician service and are 
pressing for programs which provide such 
coverage. 

The “indem- 


nity” benefits in health insurance is an 


issue of “service” versus 


important one. Some believe it is important 
for the subscriber or policyholder to pay 
a certain portion of the cost of each service 
directly in order that he may have a finan- 
cial stake in the prudent and economical use 
of service. Others believe that the exist- 
ence of “deductible” and ‘‘co-insurance”’ 
elements tends to keep people, especially 
those of moderate and low income, from 


*A recent release of the Life Insurance Asso- 
ciation of America indicates that, at the end of 
1955, 4,750,000 persons were covered under group 
major medical expense policies issued by insurance 
companies. 
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obtaining needed service and that any ten- 
dencies to unnecessary utilization of service 
can be prevented in other ways. These last 
champion so-called “service” benefits which 
the 
extra charges which the subscriber or pol- 
icyholder must pay directly. 


cover full cost of care and leave no 


Underneath many of these conflicting 
opinions is a real difference of viewpoint 
as to the appropriate nature and real objec- 
tive of health benefit plans—whether they 
are fundamentally financial devices to give 
protection against medical costs or programs 
to provide or make available needed health 
services. 


Importance of Programs to 
Worker Health 


It is obvious that these health benefits pro- 
grams are making important contributions 
to the health of workers and their depend- 
ents. The programs aid in making health 
services available to workers. They reduce 
or remove the possibility of burdensome 
medical costs and of debts resulting from 
the assumption of such costs. They reduce 
or eliminate worry over how illness expense 
may be met. By reducing or removing the 
economic barriers to health care, they make 
it possible for workers and their families 
health the 
early stages of illness and thus act to pre- 


to receive needed services in 
vent illness from becoming more serious 
through neglect or postponement of care. 
As yet, except in rare instances, these pro- 
grams do not cover health examinations or, 
except in a small proportion of cases, phy- 
sician services in the office and home. Con- 
influence on the 
prevention of illness is probably not large. 
However, the programs are likely, as their 
scope widens, to play a more important role 
in this area. 

Past shifting of 
emphasis in the field of industrial health 


from a concern solely with work hazards 


sequently their present 


decades have seen a 


and the care of industrial injuries to more 
positive concern with the health of workers. 
It is obvious that these new health benefit 
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plans which so vitally affect the medical care 
ivailable to workers must be of vital interest 
to those concerned with occupational health 
n its broadest sense. 

Aside from this relationship which is 
mescapable, it is by no means clear what 
the day-to-day relationship, if any, between 
these health benefit plans and occupational 
health is or should be. Thus far company 
medical directors and industrial physicians, 
n general, have had very little to do with 
these health or health benefit 
plans. In the typical establishment the de- 
velopment or negotiation of the health bene- 
fit plan comes, along with other employee 
henefit programs, within the province of 


insurance 


the industrial relations department, and 
plant medical personnel have rarely been 
consulted as to the design and operation 
Whether, as the pro- 


more 


of these programs. 
and 
more costly, this will continue to be the 


grams become comprehensive 


case remains to be seen. 
Louis S. Reep, Ph.D 
Health Economist 


Occupational Health Program 
Washington, D. C 
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INDUSTRIAL HYGIENE PROBLEMS 


IN CHILE 


A Visitor Reports 


From time to time scientists from other 
countries visit the Occupational Health Field 
Headquarters in Cincinnati. One of the recent 
visitors, Dr. Pedro Schuler, of the Department 
of Industrial Hygiene and Occupational Medi 
cine, Chilean Public Health Service, Santiago, 
Chile, gave staff members a detailed picture of 
occupational health work in his country. This 
article gives some of the high lights of Dr 
Schuler’s story. 


Although Chile has had an active indus- 
trial hygiene program for more than 12 
years, it was not until 1953 that the Chilean 
government fully took over the medical 
aspects of occupational health, according to 
Dr. Pedro Schuler, physician in the Depart 
ment of Industrial Hygiene and Occupa 
tional Medicine of the Chilean Public Health 
Service. 

3efore the Chilean government assumed 
responsibility for occupational medicine in 
the South American country, such work was 
carried on principally by the Department for 
Diagnosis and Treatment, Institute of Oc- 


the nationwide 


cupational Medicine, under 


Workers’ Insurance Program, a quasipublic 
agency under government supervision. 

The Workers’ Insurance Program. still 
operates, explained Dr. Schuler, but since 
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1953 all of its medical functions as they 
pertain to occupational health are under the 
Industrial Hygiene Department of the 
Chilean Public Health Service. 

The Industrial Hygiene Department now 
is staffed by nine engineers, six of them 
U. S.-trained and a seventh completing his 
training in Pittsburgh, Pa., and six physi- 
cians, three of them trained in the U. 5S. 
and one in Europe, as well as chemists, 
physicists, and other skilled personnel. 

In Chile, a country of approximately 
6,500,000 people, the Industrial Hygiene 
Department is responsible for inspection of 
workplaces to prevent occupational sickness 
and for the compensation aspects of and the 
supervision of treatment of all occupational 
disease. 

Silicosis is Chile’s most prevalent occu- 
pational disease, since approximately 80,000 
of the nation’s workers are exposed to silica. 
The largest group exposed to this hazard, 
about 70% of Chile’s mining population, is 
in the copper mines. 

Dr. Schuler said that it has been esti 
mated that about 10,000 Chilean workers 
have silicosis, and since 1941 approximately 
4000 cases have been diagnosed. 

jut the biggest problem in relation to 
silicosis, he said, may result from the many 
factors which are increasing the life expec- 
tancy of the Chilean workers. 

In the past, he said, maximum allowable 
concentrations were figured on daily expo- 


WADC Reports on 
Fabric-Burning Tests 


Earlier this year the Wright Air Develop- 
ment Center completed a study of 33 differ- 
ent fabrics, seeking to determine what pro- 
tection, if any, they would give against 
exposure to flash burns or how they would 
act if clothing made from them became 
ignited. The findings are of value to the 
industrial physician or hygienist in plants 
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sure over a 20-year working life for the 
individual. But since an increasing number 
of men work as much as 30 years, the entire 
system of allowable exposures may have to 
be reviewed. 

Dr. Schuler said that the close coopera 
tion between the medical and engineering 
sections of the Department often results in 


more effective evaluation of environment.. 


He recalled one situation in which an engi- 
neering survey of a plant environment 
showed that components of a new solvent 
were being held well below what was be- 
lieved to be maximum allowable concentra- 
tion. However, a medical study of workers 
in the plant indicated that there were path- 
ologic changes resulting from exposures that 
were thought to be “safe.” 

A lower concentration tried, and 
blood tests on the workers were continued 
until it could be shown that the environment 
was no longer damaging. 

Although a great deal remains to be done, 
Chile, said Dr. Schuler, has come a long 
way since 1948 when J. J. Bloomfield, then 
assistant chief of what is now the Occupa- 
tional Health Program, wrote: 

“The Industrial Hygiene Division of the 
Department of Health is responsible for 
supervising all matters relating to industrial 
welfare, investigating occupational diseases 
and developing methods for their control 
Because of a lack of funds and limited per- 
sonnel, these responsibilities have not been 


fulfilled.” 


was 


where there exists a possibility of exposure 
to flash burns. 

One part of the experiment was carried 
out by covering clipped, anesthetized white 
laboratory rats with each fabric and expos- 
ing thém to a temperature of 2200 F over 
a one-inch diameter area for a period of 
three 


seconds. In another experiment a 


A, 


standard wick of the material was ignited 
ind its burning properties were observed. 

Each fabric was tested on six separate 
animals, and the burns which developed 
were followed, grossly and microscopically, 
until healing was complete. Color photo- 
graphs were taken weekly to make a graphic 
record for comparison of severity of burns 
and healing rates. 

In 195 experiments in which the fabrics 
were heated to the ignition or melting point, 
it was noted that wool, asbestos, nylon, 
Dacron, silk, or cotton treated with a flame 
retardant failed to support combustion or 
produce burns. Cotton-Dacron and cotton 


nylon burns 


moderate 
Acetate rayon and 
viscose rayon produced the same results. 
Untreated cottons uniformly produced deep 


burns which healed slowly. 


mixtures yielded 
which healed rapidly. 


M. 
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Loose-fitting cloth proved far more dan- 
gerous in producing burns than that which 
was wrapped snugly around the experi- 
mental animals. 

The study showed that: 


1. Heavier materials protected better than light- 
weight fabrics. 


Fabrics which melt, such as nylon, produce 


smaller, less serious wounds than those, like 
cotton, which char and burn beyond the exposed 
area. 

3. Light-colored fabrics offer more protection 

than dark-colored ones. 

flaming are more 


4. Some treatments to retard 


effective than others 


uw 


Cotton can be combined successfully with syn- 
thetic fibers to get the best features of each. 
Treatment of these combinations with flame 
retardents increases their protective qualities 


slightly 


EDUCATION PROMOTED IN 
CALIFORNIA INSTITUTE 


Since 1950 the Bureau of Adult Health 
of the California Department of Public 
Health has sponsored a series of annual 
“Institutes on Industrial Health Practices.” 
The 1956 institute, held in June at the 
School of Public Health, University of 
California, at Berkeley, attracted a_ total 
registration of 133. Ten members of the 
sureau staff made up the institute faculty. 

The registrants included 4 chemists, 33 
engineers, 8 vector control personnel, 15 
physicians, 8 nurses, 52 sanitarians, and 23 
individuals in fields. 


were 


miscellaneous health 
of those 
from local health departments, 12 were from 
the 
lations, and 12 from the State Department 
of Public Health outside of the Bureau. 
Industry sent 30 representatives, and the 
remainder the 


Seventy-one attending 


State Department of Industrial Re- 


were from University of 


California, from the Public Health Service 
of the U. S. Department of Health, Educa- 
tion, and Welfare, and from Army and 
Navy establishments. 

While material presented in the institute 
programs is primarily oriented around oc- 
cupational health, emphasis is placed on 
local 
health departments and others in the general 


practical problems encountered by 


health fields, which may be solved by ap- 
plication of good industrial hygiene and 
occupational health practices. 

A distinct effort is made to give a suffi- 
ciently wide latitude to the institute program 
so that it will have educational value for 
almost every discipline found in a govern- 
mental or industrial health unit. 

The June, 1956, 
dealt largely with two current problems 


educational institute 


common to both public and occupational 
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health. They were environmental control insecticides, describing some of the symp- 
by ventilation and vector control in indus- toms and some of the results of overexpo- 
try and agriculture. sure to them. 

Following talks on carbon monoxide, Dr. Christine Einert, of the Bureau of 
temperature, humidity, and radiant heat, Adult Health, aided in the over-all occupa- 
Mr. Jack C. Rogers, Chief, Division of tional health orientation with a talk on 
Occupational Health, Los Angeles City ike Jecupational Disease, covering classifica 
Health Department, summarized the ventila sania ie di and typing of various dis 
eases attributable to occupation. Another 
aspect of occupational health, “People and 
Their Problems in the Working Environ- 
ment,” was discussed by Mr. Fred Ober 


tion phase of the institute and showed a 
film dealing with some aspects of indus 
trial ventilation. 


The vector control section included 
lander, psychologist with the Personne 


Department of the Packard-Bell Corp. 
The last day of the institute featured a 


papers on “Rodent and Insect Problems in 
Industry” and “Use and Misuse of Pesti- 
cides and Insecticides by Small-scale Op-  cories of workshop-panel discussions, deal 
erators” and was designed to help truck ing with medical, engineering, and environ- 
gardeners, nurserymen, and farmers as well mental problems. Following a series of 
as industrial users of these chemicals. separate discussions, the personnel of the 
Dr. Dwight Culver, of the Bureau, spoke jnstitute were reassembled into one large 


on the medical problems of pesticides and group for a question-and-answer period. 


It is no exaggeration to say that the ability of American industry to 
produce depends, in part, on whether the worker can be safe in his 
industrial environment—on whether he can feel that the best possible 
measures have been taken to prevent damage to his health. Of collateral 
concern to the occupational health expert also is the fact that problems 
we may associate only with industry are increasingly affecting the entire 
community. The control of such a developing hazard as, for example, 
industrial water or air pollution, has broad social and economic as well as 
health implications. 

It is in keeping with American tradition that the mainspring of 
progress toward better health should be private endeavor, with the Gov- 
ernment acting as a partner in a cooperative enterprise. 

From “MeretinGc THE Neeps oF THE Nation,” Bradshaw 
Mintener, Assistant Secretary of Health, Education, and Welfare, ad- 
dressing the Occupational Health Institute, Inc., Philadelphia, Pa., April 
27, 1956. 
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Combat Industrial Dermatitis with 


M-S-A FEND-SILICONE CREAM 


...New formula utilizes advantages of 
silicones to protect against irritants 


The addition of silicones makes this remarkably 
effective bland vanishing cream chemically inert, 
adhesive, and water repellent. It goes on the skin 
smoothly and easily, and it is free from any “feel.” 
The invisible film is tough, durable. It protects 
against soaps, detergents, chemical dusts and pow- 
ders, dilute acids and alkalies. The cream is non-toxic, 
does not interfere with normal skin gland function, 
and is buffered to the average pH of the acid mantle 
of the skin. Available in 3 oz. tubes or | Ib. jars. 
Write for details. 


also M-S-A FEND BARRIER 
PROTECTIVE CREAMS 
AND LOTIONS 


Neutral and bland. Other types of Fend 
products are available for a wide variety 
of irritants. They are easy to apply and 
remove. Available in 3 oz. tubes or | Ib. 
iars. Write for details. 


Of interest to you 


and your patients 
THE MENACE OF ALLERGIES 


WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 pages, 15 cents 


FOOD ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


SKIN ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


ASTHMA AND HAY FEVER 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 


535 North Dearborn Street @ Chicago 10 @ Illinois | 


LIGHTFOOT 
380 MADISON AVENUE 


MINE SAFETY APPLIANCES COMPANY 
201 North Braddock Avenue, Pittsburgh 8, Pa. 


At Your Service: 82 Branch Offices in the 
United States and Canada 


Ag. A Specialized Soap to Meet Every 
Type of Plant Requirement! 


Whether for light, heavy or extra heavy duty, for 
general plant or office use, or to solve specific 
cleansing problems, our more than 40 years of 
experience in serving industry is at your service. 
Your inquiries will receive prompt and intelligent 
attention! 


SCHULTZ COMPANY 


NEW YORK 17, N. Y. 


& 
=a 
— 
SAFETY EQUIPMENT HEADQUARTERS 
/ 
Lad 
= \) Fg Liquid EVERY TYPE OF Bar . 
Soap SKIN CLEANSER Soap 
manufactures all three from raw 
material to finished product! 
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YOUR 
GUIDE TO 
CURRENT PUBLICATIONS 


Quarterly 
Cumulative 
Index Medicus 


WITH AUTHORS AND SUBJECTS... 


Divided into sections, one devoted The QUARTERLY CUMULATIVE 
to books and the other to periodical INDEX MEDICUS appears twice a 
literature, the QUARTERLY CUM- year; volumes are cloth bound and 
ULATIVE INDEX MEDIC US oe cover periodicals for six months as 
tains a list of current publications 


alphabetized as to authors and sub- indicated on the publication. These 
jects. The exact bibliographic refer- two volumes will be a convenient 
ence is given under the author with and inclusive reference for current 


titles in the original language, while 
titles under subjects are all in Eng- 
lish. The index also includes a : . ; ‘ 
listing of journals, addresses and editors, writers, investigators, stu- 
publishers. dents and libraries. 


medical literature. Invaluable for 
practitioners, specialists, teachers, 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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